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CAN WE FORECAST AND PROTECT OURSELVES AGAINST 


: EARTHQUAKES? 
by G. LACLAVERE 


) The author reviews the losses caused by earthquakes, with reference to some of the 
main earthquakes on record, and describes briefly the international organization of 
seismological studies, drawing attention to the need for a closer network of seismo- 

logical stations in some parts of the world. He deals with the causes and frequency 
5 earthquakes and while admitting our inability to predict them, shows how some 
degree of protection against their destructive effects can be afforded by determining 
the degree of seismic activity in various regions and by erecting shock-resistant buildings. 

He also touches briefly on the operation of a tidal-wave warning system in the Pacific 
and the relationship between earthquakes and volcanoes. In conclusion he outlines a 
programme of fundamental research and emphasizes the value of tectonic maps showing 
' the seismic, geological and tectonic characteristics of a given region. 


} 








SCIENCE IN THE SERVICE OF MAN IN TROPICAL REGIONS 
. Sa ee a ee er ee ee 


Scientific research has an essential part to play in the development of tropical countries 
for it is only by a genuinely scientific approach that man can hope to make use of all 
the natural resources offered by these countries without danger of upsetting the delicate 
balance between man and nature and destroying their power of mutual adaptation. 
Scientific research alone can ensure the orderly and harmonious development of social 
structures and prevent the formation of water-tight economic strata superimposed 
) upon each other. However, if research is to play this vital part in ensuring social and 
economic progress, it must be specially organized in a comprehensive atmosphere 
of international co-operation, and so planned as to prevent the sacrifice of the interests 
of fundamental research to the immediate satisfaction of quick results. 





ALTERNATE USES OF LIMITED WATER SUPPLIES 
by G. F. Waurrte. P : : , 


The author’s contention is that, judged on the basis of modern scientific knowledge, 
the present uses of available water supplies in arid zones often are not conducive to 
optimum production and living conditions, and in some cases, may even be detrimental 
10 the long-term interests of the societies concerned. Moreover, large potential supplies 
could be made available for human use if the existing knowledge and techniques were 
properly applied. The arid zones of the world are classified according to the author’s 
definition of potential supply and the various uses of water for human and domestic 
purposes, livestock, etc., over and above the natural demand for water through evapo- 
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transpiration are described. Analysis shows great differences in the consumptive use 
and in the amount and the quality of return flow, so that certain uses can readily be 
reconciled with each other whilst others are in direct conflict. The criteria for judging the 
effectiveness of water use, inefficient uses of water such as the neglect of ground-water ) 
resources, lack of use of flood waters, excessive irrigation and non-recovery of used 
water are discussed. Social factors such as lack of education, rigid water laws and 
allocation customs may be far greater obstacles to efficient use than lack of funds or 
technical skill. Radical changes in the character of the traditional economies and ) 
organization of major parts of the arid zone will have to occur and one of the most 
pressing needs is for research on how these changes could be effected. 


CHEMICAL MEANS OF PLANT PROTECTION AND PROBLEMS 


OF HYGIENE 
2 ee eo a i 
The author of this article describes the increasingly important role played, in modern ) 


times, by chemical means of protecting cultivated plants against pests, disease agents and 
weeds. Yet while the fight against plant pests and diseases is of great economic impor- 
tance, it also has far-reaching social implications which cannot be ignored. A great deal 
of research work has been done, particularly in the United States of America and in ) 
the Union of Soviet Socialist Republics, on the production of insecticides and other 

chemical agents. The many remarkable results that have been achieved have, however, 
sometimes been accompanied by real—though not always immediately observable— ) 
dangers to public health. Considerable care and foresight must therefore be exercised 








by those responsible for the production and use of such chemical agents. 
Index to VolumesItoX . . . . . « » . » ae 
) 
CORRIGENDA } 


Article by T. Laevastu on ‘Hydropsis: Its Scientific Background’, Vol. X (1960), No.2 

pp. 121-30: 

p. 122, 3rd par., 8th line: ‘of vertical oscillation’ should read ‘vertical oscillations of the 
mocline’; 

p. 122, 4th par., 7th line: after ‘all’ add ‘higher’. 

p. 123, 2nd par., 9th line: ‘carrying on’ should read ‘varying’. ) 

p. 123, 3rd par., 4th line: delete ‘direction and’ after the word ‘wind’. 

p. 125, 5th par., 14th line: ‘decline’ shoud read ‘ thermocline’. 

p. 126, 18th line: ‘advection to available’ should read ‘advection using’. 

p. 126, 23rd line: ‘which are caused by temperature boundaries’ should read ‘which att» 
associated with temperature boundaries’. 

p. 129, 5th line: delete ‘and because’, and begin new sentence with ‘Several’. 

p. 129, 19th line: after ‘weather forecast’ add ‘to be used in hydropsis’. 
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CAN WE FORECAST 
AND PROTECT OURSELVES 
AGAINST EARTHQUAKES ? 


by 
G. LACLAVERE 


Head of the Cartography Service at the Institut Géographique 
National; Secretary-General of the International Union of 
Geodesy and Geophysics and of the International Geophysical 
Committee ; Chairman of the Special Committee on Antarctic 
Research; Member of the Bureau of the International Council 
of Scientific Unions. 


Statistics show that earthquakes are among the most disastrous of all natural 
catastrophes. It is of course difficult to lay down any criterion to measure the 
scale of a catastrophe; some claim countless victims without causing very 
great material damage, while others wreak tremendous havoc without much 
loss of human life, at least directly. Clouds of desert locusts, for instance, lay 
waste enormous tracts of land, but do not affect the population except through 
the famines that follow in their wake. The Revue pour I’Etude des Calamités, 
published by the International Relief Union, gives illuminating statistics on 
the great natural catastrophes. The December 1959 issue, for instance, points 
out that, in the 10 year period between 1948 and 1957, 68 major natural catas- 
trophes were recorded, as follows: mainland floods, 25; earthquakes, 17; 
oceanic cyclones, 16; mainland tornadoes, 3; volcanic eruptions, 2; invasions 
by the sea, 1. Invasions of insect pests, drought and abnormal cold account 
for the remaining four recorded catastrophes. 

The United States of America was the country most severely afflicted by 
natural catastrophes during these 10 years, having been the scene of 12 in all 
(four floods, five oceanic cyclones and three land tornadoes). It was spared 
any earthquakes, which in the past, however, have taken a heavy toll there. 
The earthquake which shook San Francisco on 18 April 1906 alone caused 
100 deaths and widespread damage. 


HAVOC WROUGHT BY EARTHQUAKES 


It may be estimated that over 30,000 earthquakes occur each year in one or 
another part of the world, but only five to six thousand are felt by the popu- 
lation in general and no more than about twenty-five are recorded as catas- 
trophes. The number of victims varies considerably: If the shock occurs in the 
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day-time in a rural area where the inhabitants are out working in the field, 
the loss of human life is small. But if it occurs at night-time, the local Popul. 
tion will be buried under the ruins of their homes. In towns, the damage cause) 
by the shock itself is aggravated by the fires that break out when gas main; 
burst and fire-places are destroyed (particularly in bakeries). In the 197 
earthquake in Tokyo, 38,000 persons who had taken refuge in a park were ? 
burnt alive, because the belongings they had brought away with them fron 
their homes caught fire and their shelter became a sheet of flames. When agse. 
sing the damage caused by earthquakes we must not overlook the tidal wave 
due to seismic action, which have been given the Japanese name of tsunamis 
Such sea waves attain considerable proportions, causing many shipwreck; 
and laying waste the coastal areas on which they break. 

It is only since 1925 that we have had fairly reliable figures for the annu 
death-toll due to earthquakes. Details will be given hereunder of an intern. 
tional organization which keeps records of earthquakes and publishes ful 
particulars of them. For bygone times we have to rely on historical record 
and early chroniclers, making allowance for possible exaggeration. ) 

The records kept by the International Bureau of Seismology in Strasbour 
for the period from 1926 to 1950 show a total of over 350,000 deaths ena 
by earthquakes, or an annual average of 14,000. These figures do not includ) 
the victims of seismic sea waves or the indirect deaths for which no estimat: 
can be given (for example, those caused by landslides occurring long after th 
earthquake but due to it, as well as persons who subsequently die of injurie 
received during the shock). The worst years were 1927 (76,615 deaths), 1932 
(78,202) and 1939 (61,082). 

China is the country that has suffered most from earthquakes. Not only 
are shocks of great intensity recorded there, but they occur in areas of loess, 
which cannot withstand landslides. In the Hwang-Ho basin, most of the 
peasants still live in homes dug out of the loess. These cave-dwellers are buried 
by landslides when an earthquake shakes their district. Hence the difficulty of 
reckoning the number of victims, even to the nearest 10,000. The great majority 
of the deaths for 1927 and 1932 were caused by shocks occurring in China 
Chinese chronicles report that the earthquake on 23 January 1556 claimed 
830,000 victims in Shensi and Honan. The earthquake in Szechwan in Septem- Sains 
ber 1580 claimed over 400,000 victims. The more recent earthquake in Kansi, } of the 
on 16 December 1920, killed several hundreds of thousands of Chinese. 
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seismic 

The recent earthquake at Agadir, which killed over 10,000 persons ander} te 
tirely destroyed this thriving town, once again drew attention to the Mediter- malin: 
ranean region, which has been the scene of very great seismic activity and of c0-oper 


number of destructive earthquakes in recent years. Since 1926, they have caused hel 
over 47,000 deaths in Turkey, over 10,000 in Morocco, over 1,800 in Italy } in that 
and over 1,600 in Algeria. They also inflicted heavy material damage. In 195), of info 
in the small country of Greece alone, earthquakes, though causing only two quakes 
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fields | deaths, entirely demolished over 12,000 homes, partially destroyed 19,000 and 
one seriously damaged over 24,000. The small number of deaths is due to the fact 
— ) that the shocks occurred at times when most of the inhabitants were away 
— from their homes. 

* 192 The damage caused each year by earthquakes runs into tens of millions of 
¢ wer f dollars. It is reckoned that the San Francisco earthquake on 18 April 1906 
fron damaged property worth over $1,500 million (at present rates). 

niall Anyone examining a map showing the epicentres of the main earthquakes 
wil find that the most severely stricken regions are very often in territories 
a. which have not yet reached a very advanced stage of economic development, 
} where the population is often dense and the organization of relief not always 
easy owing to the fact that earthquakes occur in mountainous countries and 
their direct or indirect effects cut communications. 

Now that many of these countries are in the course of economic develop- 
ment and costly, large-scale engineering works are being carried out, can we 
be quite sure that the sites chosen for dams, communication lines and factories 
) are not subject to shocks that may in a few moments wipe out the fruits of so 
much 'abour? Another danger, and one of world scale, is the destruction of 
atomic power stations. If they were to be demolished by an earthquake, they 
would surely release dangerous ionizing radiations which would spread far 
from the centre of destruction. 

Although our present scientific knowledge is still insufficient, despite all 
the progress made, to enable us to predict earthquakes with any certainty, the 
observations we have accumulated do point to a latent danger of earthquakes 
in certain parts of the world. Study and analysis of the waves recorded on seis- 
mographs have enabled us to work out principles for the construction of 
shock-resistant buildings. This, admittedly, is a purely passive form of defence, 
but, by taking the necessary precautions, we are better able to protect ourselves 
against the effects of earthquakes than against cyclones, floods and many other 
natural scourges. 
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) INTERNATIONAL ORGANIZATION OF SEISMOLOGICAL STUDIES 


Serious scientific study of the Earth’s movements did not begin until the end 
of the nineteenth century with the invention of instruments able to record 
seismic tremors. It was then found that the waves propagated from the seismic 
centre or focus may traverse the entire earth in a few minutes. It was soon 
realized that isolated research could not lead very far and that international 
ner Co-operation was essential. Accordingly, an international association of 

seismology was set up in Strasbourg in 1901, and a central bureau established 
in that city was made responsible for arranging for the international exchange 
of information on earthquakes and for the publication of a catalogue of earth- 
) quakes and of various papers on the subject. This association was dissolved 
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after the first world war and the present International Association of Seismo. 
logy was founded in Rome in 1922. It is one of the seven associations making 
up the International Union of Geodesy and Geophysics. 

Its aim is to promote the advancement of seismological science, in its varioy; 
aspects, economic and social as well as scientific. The propagation of seismic 
waves raises many problems of great interest in the field of mathematica 
physics. The plotting and study of curves for the propagation of seismic waves 
afford one of the most effective means of finding out about the inner core of 
our planet, and study of the frequency of earthquakes in various regions is 
of the utmost value in solving the problems of earthquake-resistant design 
for buildings, aqueducts, dams, etc., wherever large-scale seismic activity is 
to be feared. Study of micro-earthquakes helps in determining the path of 
cyclones and artificial tremors, produced either by small explosions or by the 
fall of a heavy mass, and also gives us information about superficial geological 
layers; in this way, ‘seismic prospection’ has led to the discovery of rich natural 
resources. 

The International Association of Seismology assembles data on each earth. 
quake and publishes periodic catalogues. It encourages studies for improving 
and standardizing observation instruments, and studies concerning the internal 
constitution of the Earth, prospecting methods, the forecasting of earthquakes 
or seismic sea waves, more exact determination of the age of geological eras, 
the physical properties of the Earth’s components under prevailing pressure 
and temperature conditions, gravitational anomalies and the origin of earth- 
quakes. 

Studies to determine the locality of epicentres and research on the propa- 
gation of seismic waves involve an exchange of observations made in stations 
all over the world. This is why seismology, perhaps more than any other branch 
of study, calls for international co-operation. 

Basic data are assembled by two services—the International Central Bureau 
of Seismology and the International Seismological Summary—both belonging 
to the Federation of Astronomical and Geophysical Services and receiving 
an annual subvention from Unesco. 

The International Central Bureau of Seismology, set up in Strasbourg 
in 1903, is responsible for assembling seismological data. It has also organized 
a workshop with a test-table on which the various types of seismographs cat 
be studied and compared. Since 1 January 1923, it has published a Monthly 
Bulletin. 

This bulletin sets out in chronological order the data received from seismo 
graph stations all over the world and shows the co-ordinates of the epicentres 


of earthquakes listed, arrived at either by calculation or by the plotting of l 


graphs. The volume of documentation assembled has steadily grown as new 
stations equipped with ever more sensitive instruments are set up. 
The following figures are revealing on this point. The Bureau studied: 
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1,539 earthquakes between July 1951 and June 1952; 1,703 between July 1952 
and June 1953; 1,809 between July 1953 and June 1954; 1,860 between. 
I july 1954 and June 1955; 1,921 between July 1955 and June 1956; and 2,110 
petween July 1956 and June 1957. 

During the first six months of the International Geophysical Year, the Bureau 
 smudied 50,720 analyses of recordings for 12,632 earthquakes, and 24,612 
items of information were published. During the International Geophysical 
Year, 432 seismograph stations co-operated with the Bureau. 

In 1958, a total of 114,982 items of information on 30,428 earthquakes was 
received, and the bulletin for 1959, in which the findings on earthquakes occur- 
} ring in 1958 were published, runs to over 2,000 pages. This increase in the num- 
ber of earthquakes recorded does not reflect a greater degree of seismic acti- 
vity than in previous years. It merely means that a large number of stations 
) have been recently opened and have put into operation more sensitive instru- 
ments able to detect weak tremors which previously went unrecorded. 

The International Seismological Summary is a publication which, since 1923, 


.) has been giving the final findings on all earthquakes, but several years after 


they occur. The institute responsible for assembling the observations of seis- 
mographs, turning them to account, analysing them and publishing them in 
the International Seismological Summary, has its headquarters in the United 
Kingdom, at Kew, near London. Several hundreds of stations (during the 
International Geophysical Year, 562 stations in 55 different countries) forming 
avast world network, send analyses of their seismograms to the Kew centre. 
The information published has enabled us to develop the study of earthquakes 
with a deep focus situated several hundreds of kilometres below the surface 
of the earth. Furthermore, our inability to date to determine the frequency of 
earthquakes and to forecast their occurrence has drawn the attention of seis- 
mologists to the need for more careful and detailed analysis of recordings 
with a view to better localization of epicentres, and particularly their focus. 
The International Seismological Summary is responsible for meeting these 
scientific requirements. 

Contrary to what might be imagined, there is no overlapping between the 
work of the Central Bureau in Strasbourg and that of the International Seis- 
mological Summary. The Monthly Bulletin gives the approximate epicentres, 
deals with many earthquakes and publishes its findings rapidly. It prepares 
the work of the International Seismological Summary, which is before all else 
a research tool. This is not merely a final catalogue of epicentres, giving the 
most accurate possible data regarding their position and depth; it also provides 
the necessary material for an exact calculation of the velocity of seismic waves, 














and thus affords a means of studying the constitution of the Earth’s interior, 
since the speed of waves depends on the physical properties of the environment 
in which they are propagated. 

Like the Monthly Bulletin, and for the same reasons, the International 
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Seismological Summary is faced each year with an increasing burde 
of work. Whereas the publication ran to an average of 670 pages for the yey, 


1934 to 1938, dropping to 490 pages between 1939 and 1947 on account of the ) 


war, it increased to 710 pages in 1948, 800 pages in 1949 and 1,081 Pages in 
1950. But it has a time-lag of nearly eight years which there seems no satis. 
factory or speedy means of diminishing. 

One method proposed is to reduce the number of stations contributing t) 
the Summary, retaining only those which send in the most exact informatio, 
those which experience has proved to be of high standard. It is better 
have one good station for a fairly large region than many second-rate station, 
In some parts of the world where earthquakes are frequent, dense networks of 
stations have been established for the study of local seismic phenomena; on 
the best of these should be asked to send observations to the Kew centre. 

This naturally leads to a study of the distribution of seismological station; 
throughout the world. It is not surprising that seismographs have mostly ben 
set up in universities, scientific laboratories and astronomical or geophysicd 


laboratories. Many of these establishments have timing instruments enabling) 


them to determine accurately the time of arrival of the various earthquake. 
waves, an essential element for the analysis of seismograms. In some parts of 
the world such as California, Japan and certain areas of the Union of Sovie 
Socialist Republics, the frequency of destructive earthquakes has led to th 
establishment of dense networks of stations, usually placed under the auspice 
of a scientific institution. 

An even distribution of stations throughout the world is necessary for study 
of the constitution of the Earth’s interior, the amount of energy released, th 
mechanism of the focus, etc. This requirement is far from being met, not only 
on account of the presence of oceans, but also because many regions (for 
example, South America) have very few reliable seismological stations. 

The need for an evenly distributed network of stations can be readily under- 
stood. The main aim of a network is accurate determination of epicentre 
and of the depth of seismic centres. To take an extreme case, if all stations 
recording an earthquake are situated on the same meridian, the latitude 
of the focus can obviously be accurately determined, but not its longitude 
If all stations are situated on the same side of the focus, its depth cannot & 


reliably calculated. This is the position over very large areas of the world, } 


such as Africa and particularly South America. Stations are needed south of 
these continents, which means that they would have to be set up in the Antarctic 

In addition, a great number of regional problems require study. We need 
statistics for the seismicity of regions where tremors are rarely felt and ther 
are accordingly few stations. The use of temporary stations, such as were ¢sla- 


blished in the Antarctic during the International Geophysical Year, would be| 


very useful. They would make it possible to study the propagation of surfact 
waves below continents and oceans. Similarly, a network of stations i 
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yolcanically active regions would make it possible to clarify the relationship, 


not yet fully understood, between earthquakes and volcanoes. 


CAUSES AND FREQUENCY OF EARTHQUAKES 


It is no easy task to sum up briefly the causes of earthquakes. They can be 
explained as a result of the Earth’s thermal contraction or else, regarded from 
the geological and tectonic viewpoint, as the action of faults. Other theories 
have also been put forward so that this subject must be approached with caution. 

The difficulty of studying seismic phenomena is due to the fact that, as we 
do not know the place or the time at which they will occur, observers and ins- 
truments cannot be placed beforehand at the very points where they are needed. 

However, many observations bear out the view that faulting is one of the 
main causes of earthquakes. Many have occurred in the vicinity of faults, and 
the play or formation of faults has been observed after earthquakes. How they 
originate is another matter, but in any case it is safe to say that larger earth- 
quakes have a tectonic origin, and study of the tectonic features of a region, 
together with its seismicity, is necessary for assessing its inherent dangers. 

Various statistical studies have been conducted on the basis of the results 
published in the Monthly Bulletin of the International Bureau of Seismology 
and the International Seismological Summary to find out whether there was 
any law from which the frequency of earthquakes could be deduced. No 
clearly defined frequency has been brought to light. Some experts have fancied 
a relationship between the energy released by earthquakes and the Chandler 
period for the movement of the Earth’s poles. The theory has also been put 
forward that earthquakes are related to the amplitude of tides. There is no 
proof of a correlation with meteorological phenomena. 

It is only by continuing world-wide studies of seismicity with the help of 
accurate instruments that these riddles can be answered. 

The most that can be said is that, as the phenomenon is bound up with oro- 
genesis, any region with recent folds is liable to have a violent earthquake 
every 15 or 20 years and that, although no absolute frequency has been dis- 
covered, it has been noted that Algeria has a major destructive earthquake 
every 30 or 40 years. 

Earthquakes occasionally occur in regions which, so far as we know, had 
previously been spared them. But accurate records are of recent date. They do 
not go back beyond 50 years and, assuming that the Alpine fold was formed 
50 million years ago, we do not actually know more than a millionth part of 
its seismic history. Similarly, even a study of the Agadir region over the past 
50 years would hardly have given us any warning, for the most recent earth- 
quake it suffered was the one which, according to ancient chronicles, destroyed 
Santa Cruz in 1731, a place which is supposed to have occupied the present site 
of Agadir. 
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The severity of the shock felt during an earthquake obviously does not depend 
solely on the energy released. It depends on our position, that is, on our dis 
tance from the focus, and also on the nature of the sub-soil through whic) 
the waves are propagated. Richter and Gutenberg, the American Seismologists 
have worked out a means of classifying earthquakes according to the amoup 
of energy released. They have defined a scale of so-called ‘magnitudes’ ang 
given a conventional value 0 to the feeblest natural earthquakes that can 
recorded by sensitive instruments. Their scale extends up to magnitude 9, 
which is attributed to the great earthquake of Lisbon in 1755. Earthquakes with 
a shallow focus can be felt by human beings if they have a magnitude of only 
2.5. Serious damage is caused by earthquakes with a magnitude of 5 upwards, 
Those with a magnitude of over 7 cause disasters. 

Study of the earthquake statistics published in the Monthly Bulletin of the 
International Bureau of Seismology and the Jnternational Seismological Sum. 
mary has pointed to a certain relationship between the intensity of earthquakes 
and their frequency. These statistics show that each year the world has, on 
average, one earthquake with a magnitude of more than 8, some twenty with 
a magnitude of over 7, approximately 120 with a magnitude of between 
6 and 7, and 800 with a magnitude of between 5 and 6. Over 40,000 earthquakes 
are felt by human beings, whereas sensitive instruments record more than 
300,000. Since 1904, when reliable observations were first made, there have 
been six earthquakes with a magnitude of over 8.4—those in Colombia on 
31 January 1906, in the centre of Chile on 17 August 1906, in the Tien-Shan 


range (China) on 3 January 1911, in Kansu (China) on 16 December 1920, in ) 
Japan off the coast of Honshu on 2 March 1933, and in Assam (India) on | 


15 August 1950. The three main shocks of the recent cataclysm in Chile have 
provisionally been given magnitudes of 8, 7.7 and 8.2. It is thought that the resis- 
tance which the rocks forming the Earth’s crust can give to tensions caused by 
tectonic movements makes it impossible, in certain areas, to store sufficient 
energy to produce earthquakes with a magnitude of more than 8.5, and the magni- 
tude of 9 ascribed to the Lisbon earthquake in 1755 is probably exaggerated. 

It is useful to know, for the sake of comparison, that the Bikini nuclear 
explosion released an amount of energy equal to that of an earthquake of a 
magnitude of 5.5. 

The energy released by an earthquake whose magnitude, according to the 
Richter-Gutenberg scale, can be calculated by a mathematical relation, can 
seldom be determined directly by measuring the displacement of a tectonic fault, 
but it can be deduced with some degree of accuracy by study of seismograms. 


PROTECTION AGAINST EARTHQUAKES 


If the time and place of earthquakes could be predicted, the damage caused 
could undoubtedly be reduced. Many reports, some purely fanciful and others 
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depend ! pased on scientific fact, have been published, but they have yielded no results. 
ur dis. | As stated above, an attempt has been made to find some relationship between. 
which ) seismic and astronomic phenomena, for instance, but there has been no sta- 
logists, | tistical confirmation of the theory. 
mount | Jn Japan, regular observations have been made, over long periods, of varia- 
s’ and | tions in the inclination of the soil, but no reliance can be placed on the infor- 
can be } mation supplied by such measurements. 
It is safe to claim that a research programme with the direct purpose of 
S With | forecasting earthquakes would be doomed to failure and that, if it becomes 
f only possible one day to forecast their occurrence, it will be thanks to extensive 
wards, } research into the mechanism of earthquakes. We should therefore make such 
studies our main aim. 
of the A more effective means of affording protection against earthquakes is to 
Sum- } determine which are the regions with a low and a high seismicity and to lay 
juakes | down standards of construction that will enable buildings to withstand any 
aS, 00 | shocks to which they may be subjected. Several countries have drawn up 
j With ? regulations for earthquake-resistant design on the basis of a detailed study of 
tween | the damage caused by the great earthquakes of the past 50 years. The establish- 
uakes | ment of these regulations requires close co-operation between seismologists, 
than | geologists, engineers and architects. The seismologists inform the engineers 
have } which regions are exposed to danger and what seismic accelerations may be 
ia 00} expected; the geologist provides information on the nature of soils, on the 
Shan | geological structure of the region and on critical areas; and the engineer, 
20, in ) working on these data, selects building sites and calculates the components 
a) on | of his structure accordingly. 
have | To carry out this calculation, the sum of the loads and overloads is multi- 
resis- { plied by what is known as the seismic coefficient. It is the product of these two 
ed by } quantities which is used for the calculation of stresses. The seismic coefficient 
icient | takes into account the seismicity of the region, the nature of the ground and 
agni- | the foundations. 
ated. | — Seismologists, geologists and engineers have met in international conferences 
cleat | for the study of earthquake-resistant buildings. The first World Conference on 
of a} Earthquake Engineering was held at San Francisco in 1956 in commemoration 
of the fiftieth anniversary of the earthquake which wrought such havoc in 
) the ) that city. A second conference will be held in Tokyo in 1960. 
cal} A Bibliography of Engineering Seismology was published in 1958. 
‘aul, | But, although much research has been carried out on the construction of 
ams. { earthquake-proof city building, rural dwellings have been neglected. However, 
attention should be drawn to the posters published in Turkey; by means of 
simple pictures they show the rural population in earthquake areas how to 
choose a site for their homes and how to build so as to protect themselves against 
used } earthquakes. 
thers ) To afford protection against seismic sea waves (tsunamis), the United States 
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Coast and Geodetic Survey has organized a warning system in the Pacific 
Stations established on the Pacific seaboard of the United States of Americy 
Japan, Australia, Chile, Peru, the Hawaiian Islands, Fini, Nauru and the Phi. 
lippines detect submarine earthquakes and, through a system of speedy con, 
munications radiating from the magnetic observatory in Honolulu, infom 
the alarm centres in participating countries what time the tidal wave may bk 
expected to reach their shores. Furthermore, the Executive Committee of th 
World Meteorologic=! Organization, which met in Geneva from 4 Septembe 
to 14 October 1957, considered the desirability of setting up an Internationg 
Warning Service concerning the formation and movement of tidal waves 
it called for the co-operation of the International Union of Geodesy an 
Geophysics in studying the oceanographic and seismological aspects of thes 
phenomena, as it considered such a study essential for drawing up a compre. 
hensive international programme in this field. The Secretariat of the Worl 
Meteorological Organization also conducted a survey among its membe 
organizations to determine in which ocean areas tidal waves are likely to occur 

The International Union of Geodesy and Geophysics, considering the reques 
for co-operation made to it by the World Meteorological Organization, hus 
arranged for a symposium on this subject to be held at Helsinki in July 196, 
with the financial assistance of Unesco. 


RELATIONSHIP BETWEEN SEISMOLOGY AND VULCANOLOGY 


This is a very wide subject and there is no disputing the importance of studying 
this relationship. Many studies have been carried out in this field, and, a fev 
years ago, a chain of seismological stations was established in the British 
West Indies. 

From the analogies between the distribution of earthquake-stricken and 
volcanic areas, it has sometimes been concluded that the volcanic activity was 
due to deep internal movements of the Earth’s crust, while earthquakes wer 
an external manifestation thereof. This may be true in some cases, but it must 
be admitted that all the observations carried out to date go to show thal 
deep-focus earthquakes (500 to 700 km.) have no direct relationship with 
volcanic phenomena. Until the recent cataclysm in Chile, no volcanic eruptions 
had been observed in the wake of the most violent earthquakes. Very sever 
earthquakes, such as the one in Assam in 1950, occurred in areas with no vola- 
noes. And the textbooks on seismology tell us that, though volcanic and earth- 
quake phenomena have a common origin, there is seldom any connexiol 
between the two. However, the catastrophe which has just visited the central 
part of Chile proves the relationship between these phenomena. 

Although we still have no exact information, the press communiqués with 
supporting photographs announce that the Andean volcanoes have been roused 
from their slumber and that seven of them have started erupting. Two new 
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: yolcanoes even are reported in the vicinity of Lake Rifiihue. Volcanic eruptions 
are frequently accompanied by shocks caused by explosions occurring when 
the lava is thrust up towards the crater, but these shocks are never felt at 
great distances. On the other hand, earthquakes seldom result in a resumption 
of volcanic activity. Thorough study of the earthquakes in Chile, after assembly 
of all relevant information, may enable us to say whether the release of the 
energy slowly accumulated by action of the great Andean fault is traceable 
to volcanic causes and is attributable to movements of the magma thrown 


- 


up towards a vent. 


' FUNDAMENTAL RESEARCH IN SEISMOLOGY 


It would be unfair to say that the science of seismology is in its infancy. The 
impressive body of material already assembled has been used for extensive 
research in various theoretical, technical and practical fields. Learned mathe- 
matical studies on the propagation of earthquake waves have been carried out. 
) But much still remains to be done and we are still far more ignorant of what 
is going on in the earth a few miles below us than of space phenomena, which 
artificial satellites have enabled us to clarify. Although this is partly due to 
) the fact that it is more difficult to penetrate beneath the Earth’s crust than 
upwards into space, another probable reason is that seismology research, 
being less spectacular, has not enjoyed the financial support given to space 
research. In the United States of America, for instance, the total budget set 
aside for seismology research (excluding seismic surveys) does not exceed a 
few hundred thousand dollars a year, a small sum, indeed, in comparison with 
the amount spent on space research. The international seismology services 
described above can manage only with great difficulty on budgets of but a 

few thousand dollars. Yet the subject is one of importance, and the world 
as a whole, with its close interdependence, is ill-advised to withhold, by a 
pennywise policy, the financial support for earthquake research that would 
make it possible to save thousands of human lives each year and to avoid 
| wasting huge sums on useless reconstruction. 

A large-scale scientific programme could easily be worked out and its imple- 
mentation greatly aided by the international co-operation which was so 
conspicuous a feature of the International Geophysical Year. 

The first essential is to equip with the most up-to-date instruments some 
100 to 200 stations chosen from among the most efficient and best-situated in 
) the world. Studies of electronic seismographs and the magnetic recording of 
seismograms need to be extended. In addition, further stations must be esta- 
blished in parts of the world as yet without them. Automatic stations (parti- 
p cularly submarine stations) also require further study. 

If we had a network of high-precision stations where seismograms were 
recorded magnetically, so that powerful electronic computers could be fed 
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direct, spectacular additions could be speedily made to our knowledge af 


the Earth’s interior. 

It would then be possible, by supplementing this basic network with Tegiona| 
networks of portable stations (automatic or otherwise), to obtain more exay 
information regarding the depth of foci and the variation in this depth agg. 
ding to the region, to study premonitory shocks and after-shocks (a study 
of great importance for the understanding of the forces that cause upheavah) 
and to determine the movements of faults and their relationship with th; 
intensity of the earthquake and the energy released. We should then hay 
a clearer knowledge of tectonic processes. 

It would also be necessary to make laboratory studies of the propagation 
of impulses under various conditions, and of periods, and to conduct spectr 
analyses of waves. Calculation methods need to be devised in order to uw 
the large electronic computers for the analysis of seismograms and for th 
tabulation of results. 

All this research would be of benefit not only to seismologists, in their 
studies of the Earth’s seismicity, but also to geologists, geochemists and geo. 
physicists, in fact, to all scientists using seismological data. 

Lastly, a co-ordinated programme for the preparation of seismotectoni 
maps for the world’s most active regions should be carried out and an inter 
national agreement drawn up without delay concerning the standards to k 
used. 


SEISMOTECTONIC MAPS 


The seismicity of a region depends on the location of the epicentres, the sev. 
rity of the earthquakes and the recurrence of earthquakes of differing intensity, 
Knowledge of these various factors is essential for the preparation of maps 
showing regional seismic activity, which are obviously necessary for the desig 
of earthquake-resistant buildings. This information can rarely be deducé 
from the recordings of earthquakes. It might be possible in regions havin 
a large number of epicentres and subject to frequent earthquakes, where i 
is therefore easy to assemble rapidly a large body of statistical information 
But this is seldom the case. 

Since earthquakes are a result of tectonic deformations of the Earth's 
crust, they must be subject to the laws governing tectonogenesis and, on tht 
basis of these laws, it will be possible to extrapolate or interpolate the seismi 
data of a region in which few earthquakes have been recorded. 

Study of the mechanism of seismic foci seems to indicate, on the basis of 
our present knowledge, that earthquakes are caused by tangential stress 
in the Earth’s crust, resulting either from the formation of tectonic fault 
or from the action of old faults still active. These phenomena are direct 


related to epirogenic or other movements of the Earth’s crust. The intensity of 
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earthquakes is obviously related to the tangential stresses developed in a 
certain region of the crust and to their radius of influence. 

These stresses are naturally greater in regions in which surface movements 
may be observed. The volume of the seismic focus depends on the size and 
type of the tectonic accident which causes it. 

We thus obtain essential information by measuring the relative gradient 
of displacement of two points situated on either side of this accident. If they 
are contemporary displacements, exact measurements (triangulation and 
levelling) give the value of this gradient. For periods dating back some thou- 
sands of years it may be deduced from morphological studies. For periods 
running into millions of years, geology is our guide. 

In this way study of the seismic history of a region and observation of move- 
ments of the Earth’s crust may enable us to predict the probable recurrence 
of earthquakes in the various parts of this region. The necessary information 
for a study of the regional distribution of earthquakes and their possible 
intensity is best provided in the form of ‘seismotectonic’ maps. These maps 
should contain the following particulars. 

Those showing seismicity should indicate the density of epicentres, the 
location of the epicentres of destructive earthquakes, with their intensity 
and depth, and the epicentral tracts of recurrent destructive earthquakes. 
Those dealing with tectonic phenomena should show tectonic zones with a 
differing structure, the distribution of recent movements of the Earth’s crust, 
tectonic faults and recent volcanoes. 

The preparation of these maps is a scientific work which can be carried out 
only by specialists with an extensive knowledge of geology, tectonics, morpho- 
logy and seismology. Prerequisites are good topographical maps, geological 
maps and aerial photographs. The European Seismology Commission, opera- 
ting as part of the International Association of Seismology, has included in 
its programme the production of the seismotectonic map of Europe. But agree- 
ment has not yet been reached regarding the international standards to be 
used. However, the project is well under way and a very comprehensive survey 
of existing documentation on seismicity in Europe has already been published. 

There can be no question of preparing such maps for the entire world. 
That would be useless; they can be restricted to active earthquake areas which 
are already fairly well known. But it is disappointing to find that many parts 
of these areas have not yet been adequately covered by topographic maps. 

Although we have merely touched the surface of this subject, we hope that 
this brief review will bring home to the reader the vast scope of the field covered 
by seismology, which embraces many studies, ranging from pure to applied 
science. Its practical value needs no stressing; it has been demonstrated all 
too clearly by recent catastrophes. 
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SCIENCE IN THE SERVICE OF MAN 
IN TROPICAL REGIONS 


by 
R. PAULIAN 


Renaud Paulian, Docteur és Sciences, Research Director of the 
Office de la Recherche Scientifique et Technique d’Outre-Me 
France, was appointed Assistant Director of the Institut & 
Recherche Scientifique de Madagascar in 1947, and has singe 
devoted his time to the work of that institution and to the prom. 
tion of research in Madagascar. He is Permanent Secretary of 
the Académie Malgache, General Secretary of the Association 
Scientifique des Pays de I’Océan Indien, Associate Member 
of the Transvaal Museum, and has just been appointed Director 
of the Institut d’Etudes Malgaches. 


Since the second world war, it has been repeatedly asserted by journalists, 
politicians and statesmen that man’s future depends on science, and speci- 
fically on the application of science and scientific methods to the solution of 
problems arising in the underdeveloped countries. Since most of these coun- 
tries lie in what have been called the tristes tropiques, the world relies on the 
application of science to tropical regions in order to transform an area which 
covers more than a sixth of the earth’s surface. 

It is a fortunate thing that the maturity of the experimental sciences— 
which though they are not the only sciences of utility, have particularly enhan- 
ced the utility of all branches of science—came about at a time when profound 
changes were taking place in the social structure—urban and capitalist concen- 
tration, the crisis of individualism, and a steep rise in population. Social and 
scientific development have combined to promote the sudden expansion of 
industrialization in Western Europe and the United States of America, and 
have encouraged the belief among people of the West that with the help of 
science there is no limit to human achievement. 

Few tropical countries have experienced a comparable period of eco 
nomic and social development, so that there has been no encouragemeni 
for scientific research to join in the battle of daily life and for scientific know 
ledge to be embodied in the production of such material devices as al 
engine or a retort. Instead of meeting the ineluctable challenge of reality in 
these countries, science has lingered in the realm of ideas and hypotheses, and 
has made its chief object the interpretation of religious or literary works. 

At the same time, the tropical countries, ill-suited because of their economic 
and social conditions to the development of research, are the very countries 
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in which the improvement of the human lot has never been accepted as a sub- 


ject worthy of serious study—or, at least, as the predominantly worthy subject . 


of study. 
There are, it is true, many examples of the contribution science has already 


made to the development of the tropics. 

Cane sugar production—the sole source of wealth of a number of islands 
hat are volcanic, over-populated and ravaged by tornadoes and cyclones 
which prohibit the cultivation of many trees or shrubs—would have ceased 
had it not been for the patient labours of geneticists, who have restored the 
fertility of various species as they deteriorate, and of phytopathologists and 
agricultural entomologists, whose work has led to the eradication of crypto- 
gammic diseases, viruses or insects. 

Man’s survival in areas where sleeping sickness is endemic has only been 
made possible by the entomologists’ discovery of the tsetse fly and the study 
of the characteristics of trypanosomes by protistologists, and by the perse- 
verance of the chemists responsible for the development of new drugs. 

Yet examples of this kind, for all their worth, are of limited scope; they 
are only the extension to the tropics of methods and principles long established 
in the temperate zones. 

How can scientific research help mankind in tropical countries? How can 
it bring about a revolution—for that is what is needed—in living conditions 
in these countries, most of which are underdeveloped? 

First of all, by research in the most important of all studies—that which 
deals with man himself. 

Human beings in a tropical climate live under exceptional conditions—very 
small variations of temperature, a high degree of humidity and temperature, 
or in some cases severe drought. The physiological and psychological adap- 
tation of man to such climates is a matter of tremendous importance and must 
be considered from two points of view: the adaptation of immigrants from 
countries in temperate zones and the effect of the climate on the characteris- 
tics and potentialities of the native inhabitants. 

In the latter case, moreover, the age-long process of adaptation has affected 
not only the physiology of the inhabitants but also their agricultural methods; 
and these, in turn, together with the particular social structures to which they 
frequently give rise, have produced characteristic systems of customary law 
and contractual relations. The study of these customs is doubly valuable in 
that it enables us to understand the life of tropical societies and also to make 
use of certain customs which, being suited to local conditions, are often more 
tllective than techniques introduced direct from temperate countries. 

To be complete, however, our study and our understanding of man must 
be based on a knowledge of his physiology and his psychology—and therefore 
on his pathology. Many behavioural traits and peculiarities are the direct 
results of this pathology and can only be modified if the pathology itself is 
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changed. And the field is an enormous one—from parasitoses to nutritiong 
disorders and psychological disturbances. 

But the crops man grows come from the land. It, too, is subject to climatic 
conditions, which modify it and endow it with properties unknown in ten, 
perate zones. A systematic classification of soils, which is the basis of qj 
work, must precede the study of pedogenesis—i.e. the evolution, improvemey 
or destruction of soils. In order to carry out this preliminary stock-takiny 
analytical and cartographic methods must be perfected, and large-scale exp, 
riments carried out. A knowledge of the cryptogammic and microbial fay, 
and flora of soils—especially the latter—is needed. This is an arduous unde. 
taking, but it is the only way to understand the reasons for the low organic 
matter content of tropical soils, for the rapid disappearance of their surfag 
humus, and for the means by which the soil receives its enrichment from th 
parent rock. 

Soil science will thus show us how to bring tropical soils into steady an 
well ordered production, whether the soil is very rich but also very brittle- 
as in the case of volcanic ashes, forest soils, or drained marshlands—or hop. 
lessly poor but unused and extending over vast areas, both of which types ar 
markedly different from the soils in temperate zones. This is a matter of tre 
mendous importance when a steadily increasing and developing population 
is clamouring insatiably for more and more cultivable land. And unless thes 





new areas which are brought into cultivation are protected by effective soi 
conservation measures the country which is responsible for them will run? 
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One of the greatest adversaries man has to contend with in a tropical coun, 


clear. 


try is the vegetation, whether indigenous or adventitious. And the first impuls' Fres 


of any human society, whatever its stage of development, is to clear the land 
and to repel this mass of vegetation that constricts and smothers it. But thi 
wholesale removal of the natural growth to make way for cultivation—whid 
is responsible for the monotonous, desolate wastes of the South African veldi 
and the Middle West of America—is a method which is disastrous in its sim 
plicity, and not merely because of the soil erosion it brings about. The tropicd 
flora is extraordinarily rich and varied. Behind its outward aspect of unifor 
mity, nature has produced a multiplicity of species, genera and even families 
It would be a mistake to think that this profusion of varieties is of no valu 
to man, or that it is merely a curiosity of interest to botanists. We must no! 
forget that from tropical flora man has obtained balsa, rubber, gambog, 
quinine, tea, coffee, cocoa, reserpine and many other products which are essét 
tial to civilized life. Nor should we assume that every tropical plant of valu 





to man is already known. There are many which are as yet unnamed, or merel} 
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named and described on a card in some dried plant collection in a Européal| it not 
museum and still not studied under natural conditions. Our engineers an! of fres! 
doctors will find in them a source of raw material as yet untapped. Sorcerers ati) multip 
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tritiong| witch-doctors have discovered some of them and use them without understan- 
ding the theory involved. Chemists and pharmacologists will find in them the. 
Climatic! pasis of many drugs as yet unknown. Before this can be done, however, the 
in ten.) potanical inventory must be completed, chemical studies and experiments 
is of al} and agronomic and genetic tests must be carried out, so that the plants may 
ovemeni| be cultivated and improved. 
taking} In addition to drugs, what a wealth of waxes, resins and essential oils the 
le expe-| tropical forest holds in store for exploration and research! 
il faum! Some of the substances referred to above have revolutionized man’s living 
$ under.| conditions (e.g. quinine), agriculture (e.g. pyrethrum), or the health of the 
Organic] human race (e.g. reserpine). Why should they be the only ones? 
surface} ©=Then again, the tropical forest is a huge store-house of power and raw material. 
rom th} But the planned exploitation of its resources, rendered more complex by the 
variety of uses to which they can be put, will only be possible when the laws 
ady ani| which govern this particular region are understood. Three hundred years ago, 
brittle-| forestry regulations were established in Europe as a result of the foresight of 
or hope-| kings and the needs of shipbuilding. The tropical forest is a very different 
ypes art) matter—it takes practically nothing out of the soil, and is one huge tract, with 
r of tre| an infinite variety of species, interrelated as to order and balance in a way that is 
ulation) not yet understood. Very often, to exploit such a forest means to destroy it 
ss thes) for all time. Yet planned forestry in the tropics would make available to man- 
tive soll kind a store of untold wealth, constantly replenished by the action of sun and 
ll run i rain. As a preliminary step, however, all the ecological links between the diffe- 
lent species or between species and environment would have to be made 
al coun clear. 
impuls Fresh waters in the tropics, with some rare exceptions, are not heavily stocked 
he land! with fish. The wealth of fauna in these waters, which is very considerable, 
But thi} consists more in the variety of species rather than in the actual number of 
—whidi| fish. There is no really cold period, as there is in European waters, during which 
an veld unused reserves of organic matter accumulate, and therefore the fish do not 
its sim-| spawn with such prodigality and such profit to society as in temperate zones. 
tropial| This relatively low prolification of tropical fresh-water fish may indeed 
‘unifor| also be accounted for by the large number of species present in such 
amilies| waters, 
0 vals! For this reason, man makes very little use of fresh-water resources in the 
ust n0!| tropics. The huge area covered by lakes, rivers, temporary marshland and 
mbogt,| streams preserves its natural balance, and is not affected by human intervention. 
¢ essett| New species may, of course, be introduced, and may spawn well—and this has 
of valit) in fact occurred in many cases. But the introduction of new species disturbs 
; metél| the harmony of the environment and the consequences may be serious. Would 
aropeal, it not be possible—and wiser—to make a thorough study of the productivity 
ers antl of fresh waters by determining the conditions under which the various species 
rersati; multiply and the reasons for their low rate of propagation, to use the fish 
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they do produce for the needs of mankind, and thus to turn to account gg partic 
thousands of square kilometres which today are nothing but disease-breegiy 
unproductive wastes? The balance of fresh-water fauna is always based of Our if 
the interrelations between the seasons, phytoplankton, zooplankton, and plan} scarcit] 
toniphagous, phytophagous and flesh-eating organisms. A knowledge of thf of 40° 
interrelations should make it possible to develop an effective and permane) obviOU 
method of using such waters. effort, 

With the one exception of the Pacific Islands, tropical countries are egy} familia 
tially continental. Even where they have a long seaboard and where the inh} of 54 
bitants are sailors or fishermen, the sea is regarded more as a frontier thang} W8 
a source of wealth. Tropical seas, however, like temperate seas, can make} % 
valuable contribution to the prosperity of those who live along their shor 
A similar phenomenon to that observable in fresh waters is taking place jj 
tropical seas—the seasonal cycles are less pronounced than they were, vl 
the result that herring and cod are less abundant. On the whole, however, tn by des 
pical seas contain a great number and variety of fauna. Would it not be po animal 
sible to fish these waters systematically, without squandering their resourcs 
destroying the spawning-grounds, and cutting off the migration routes? Thig 
can certainly be done, but only if we have exact knowledge of the habits df 
each species, its food, its movements and its relations with the other organism 
which live in the same region, whether prey, rivals, or predators. These resourcg® 
can certainly be exploited more regularly during the year than in Europ 
while there is a very large catch at certain seasons in temperate zones, fishing 































in tropical zones can be continued throughout the year, with a more or leg In sk 
constant catch. When more is known of the complex ecology of tropical mariq More 
fauna, large quantities of food and useful substances, such as vitamin oi ww 

¢ only 


fish meal, etc., may become available. 
Scientific research, therefore, can explain anomalies in the health of hum 
beings, and show us how to treat them; it can explain social structur 
overcome endemic and parasitic diseases, show how the soil can be maif 
permanently productive and how the forests can be exploited systematically precise 
and discover, in both fresh and salt water, invaluable remedial med _ 
s 


cines. — 
In this way, scientific research can provide succour, stability and ea 





—in short, it can be the essential factor in the process of changing under pats. 
developed economies into developed economies. A te 
It is only science that can do this; the solution of the problems we la lant 
referred to lies in its hands. But if, in theory, science alone can solve these work 
blems of development, why has it not already done so? Is it really able to t the 
so in practice? bres 
A consideration of the special characteristics of tropical research will sho of fruit 
us whether this is the case, what the possibilities are for effective action, “ 


under what conditions such action must be taken. 
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-COUnt {hf pARTICULAR CHARACTERISTICS OF SCIENTIFIC RESEARCH IN TROPICAL COUNTRIES 
al : Our intention is not to discuss difficulties arising from climate, isolation, the — 
nd plan scarcity of workers with the necessary technical training, or the inadequacy 
© of thes} of documentation available on the spot. These difficulties are more or less 
al obvious, and do not affect the problems themselves. They simply require greater 
fort, attention to organization, economy and efficiency. Most of them are 
familiar to scientific workers in all countries, particularly in the more remote 

the infy} or smaller centres. i 
er than g What we shall deal with here are the difficulties that are inherent in the 
n make actual performance of research work in underdeveloped regions. These are 
matters of much greater importance. 

In Europe, practical research, from which rapid results may be expected, 
is carried out on subjects which are already familiar and have been studied 
by descriptive research workers for the last two centuries. The identity of the 
t be pos animal or vegetable species which are being investigated is shown on a label 
giving anatomical, biological and physical details. Anyone making a study 
J of the reaction of a certain substance on the sexuality of frogs can easily deter- 









yrgani the exact time when an insect lays its eggs is known, the various hosts of a 
given parasite have been catalogued and the structure of the stem of a given 
- Europe textile plant has been described in detail. The various forms in which the indi- 
ss, fishing “dual members of a group may be found have been clearly distinguished. 
In short, thanks to research work in the past, the material is readily usable. 
al mari Moreover, the research worker has access to catalogues, maps, fauna and 
min oil} Hora, textbooks or treatises, lists or card-indexes, and to obtain his material 
he only requires a knowledge of research methods. 
f h The situation is quite different in tropical countries, where the only infor- 
ructure} ation on a species is the short description given by a European taxonomist 
be mai! an often incomplete collection of dead specimens, of which neither the 
natically Precise distribution nor the varieties are known. The binomial nomenclature 
al Jused to describe a species in Europe, with the biological and anatomical 
details indicated by it, is only applied in tropical countries to a group of 
d wealif dividual specimens the specific identity of which is not even clear in all 
ig undery 88. 
A research worker who wishes to study the effect of a fertilizer on a certain 
we haw? ant cannot find a description of its structure in any textbook or reference 
hese pry "tk; no experiment has ever been made to determine what effect the length 
le to dp"! the period of light and temperature have on the development of certain 
fibres whose mode of formation may even be unknown, or on the ripening 
vill sho of fruit which does not pass through the classic phases that are recognized 
ion, Europe. 
Tragic disappointment awaits any research worker who tries to conduct 
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an experiment before he is quite clear as to the basic facts. For example 
because of our lack of knowledge of the exact identity of the anopheles Mosqu. 
toes which are found on the plateaux of Madagascar, especially the species 
called anopheles funestus, we cannot determine the exact effect of treatmey 
with insecticides, and we are therefore unable to understand why, thoug 
generally successful, it is without effect in particular localities. When it wa 
found that cases of malaria were still occurring in certain places, the study 
of the coastal regions had to be begun all over again. 

In Europe, agricultural genetics deals with types which have been establishej 
by centuries of cultivation, are clearly defined and to some extent stabilize 
In the tropics, it deals with material which has no history and no past, ay 
of which no practical use can be made until a very thorough investigation hy 
been undertaken, if the varieties produced are not to be unstable and untr: 
to type. 

European agronomists know how the various soils will alter under certaiy 
well-defined processes of cultivation; in the tropics, the agronomist is amaze 
to see a huge peanut plantation on forest soil become as hard as brick, so tha 
his tools are blunted against it and his harvest is lost. In three years, land tha 
is thickly forested may become unfit for growing any sort of crop. 

If research work in tropical countries is to be effective, therefore, it muy 
start from the beginning. Science will not bring about any real and lasting 
change in tropical countries until information is available on all the anim 
and vegetable species, diseases and soils and on the human customs to be found 
there. This is a tremendous task. In an area amounting to a third of the earth’ 
surface basic research which has taken more than two centuries in Euroy 
and the United States will have to be accomplished in the next 10 years. 

It must be done in as little as 10 years because the scientific worker 4 
two relentless foes: the rapid growth in population, which makes it necessary 
to discover fresh resources, and the speed with which natural resources ar 
destroyed in tropical countries through the combined action of the climat: 
and this same pressure of population. 

There must be no mistake about it—practical research is worthless unles 
it is based on scientific information. And short-term missions of —) 
or experts, however highly qualified, will not be sufficient to cope with thi 
tremendous task. An all-out effort on an unprecedented scale must be mate 
by research centres in humid tropical regions, with a qualified staff mainly 
drawn from the inhabitants of the country, in order to collect the basic doc 
mentation on the soil, water, flora, fauna and population that is needed t0 
ensure the success of development plans and to give man the victory over al 
apparently hostile nature. 

It is not always easy to appreciate just how inadequate our knowledge 0 
tropical countries is. Here again, a few examples from Madagascar + 
make the point clear. 
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Six years ago, more than half the species of anopheles found in Madagas- 
car, and among them some of the commonest, were unknown. Ten years ago, 
28 species of Madagascan cochineal insects were known, whereas today more 
than 200 species have been identified, including a group noxious to sugar 
cane, sisal, fruit trees, etc. 

Then again, just when large-scale development plans are being made, it 
has suddenly been realized that nothing is known of the customary law rela- 
ting to land tenure in many of the regions concerned. 

The list of examples that could be quoted is almost endless, and it is no 
exaggeration to say that among all the bottle-necks and difficulties which hinder 
the development of tropical countries the lack of scientific knowledge looms 
just as large as the lack of capital, specialists or sources of power. 

Only if tropical research centres understand their job, and refuse to sacri- 
fice real and lasting success for apparent immediate advantages, only if scien- 
tifically advanced countries agree to support the efforts of these centres by 
supplying them with funds, information and the teamis of research workers 
required for the accomplishment of their task, only if the better educated among 
the people realize the urgency and the worth of research work and are not dis- 
couraged by material or moral disadvantages in the careers open to them, 
but are willing, once they have had the necessary training, to work for the 
advance of science in their country—only then can science bring to tropical 
countries health, prosperity and a balanced economy, and at the same time 
continue to respect the traditions and customs which express the peculiar 
genius of each people. 

Only science can usher in an era of growing prosperity, in an atmosphere 
of peace and freedom, to replace the grinding poverty that menaces a rising 
population. Science alone can bridge the ever widening gap between the highly 
developed countries and those that are underdeveloped. 

How is science to cope with the task before it? 

On the one hand, there are vast countries, where everything is yet to be dis- 
covered, even the effect which the climate and the very vastness of the land 
may have upon human beings; a stupendous, urgent task, involving every field 
of nature and of human activity, and countries with different languages, cus- 
toms, institutions, political structure and economic relations. On the other 
hand, there are the research workers who will have to be spared from a highly 
developed industrial world, where every laboratory is working to capacity 
and there is a desperate need for scientific workers and engineers, to do the 
work needed in tropical countries. 

The problems are new ones; there is no precedent, nothing to guide research 
workers—and they are so few! 

The difficulties are enormous, and can only be overcome if the highly deve- 
loped countries are resolved to stick at the task until it is finished and to pro- 
Vide the practical means for its accomplishment. These are threefold. 
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First, training. Research workers who are to work in the tropics mus 
of course, receive basic training similar to that of their colleagues who a 
to work in temperate countries but, in addition, they must acquire a knowledg 
of a number of special subjects, such as foreign and native languages, and the 
practical aspects of tropical hygiene; they must be able to adapt themsely, 
to unusual situations and extremes of climate, must have plenty of initiatiy 
and be exceptionally efficient. 

On the other hand, there are few opportunities in tropical countries {) 
recruit technicians, whose assistance is essential for research workers. Thy 
in addition to research workers, large numbers of European or native techy. 
cians must be trained. Because of the high cost of maintaining research worker 
in the tropics, it is particularly desirable that the utmost benefit should 
obtained from their work by providing them with technical assistants, 

Secondly, equipment. The days are gone when tropical research could bk 
carried on by isolated individuals investigating some detailed subject with 
whatever makeshift means they could get. A research centre for all branche 
of science should immediately be set up in each of the main geographic 
regions. It must be our object to secure international co-operation, for in th 
twentieth century nations should be above yielding to the promptings of 
national jealousy and setting up rival centres in similar places, with different 
flags flying above them. There are so few research workers, and so little mone 
and time that such an attitude is nothing short of criminal. Rather should con 
ventions be concluded between countries, so that the centres selected can kk 
assisted and supported by all the countries with territories in similar climatic 
and biological zones. 

Our policy should be not only international scientific co-operation, but 
also co-operation between the various branches of science. Isolation is one of 
the greatest dangers the tropical research worker has to face. At all centres 
there should be research workers in a number of different branches, who 
are- able to discuss matters with each other, help each other or exchang 
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information. A narrow scientific exclusivism is no less dangerous than iso! 


lation. 

On the other hand, the easy—and dangerous—way out of simply pouring it 
over-lavish supplies of equipment is to be avoided. Research centres must, 0! 
course, be equipped with up-to-date tools suitable for the work they have 
to do, and these may be very expensive. But the equipment should be on 
scale suited to the centre and its users. It must never be forgotten that very 
often neither qualified maintenance staff nor spare parts are available on tht 


spot. To allow valuable equipment to lie idle because of this is extremely) 


wasteful, and it is sometimes a heavy burden on the life of a centre. 

Lastly, organization. The task to be done is enormous and our resource 
are slender. There are consequently a number of principles that must be obser 
ved. 
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One is the need for selecting the problems to be dealt with. These should 
be neither so large that they are beyond the capacity of the centre dealing with 
them, nor too restricted in scope; nor should they be problems which could 
just as easily be solved by a laboratory in the temperate countries. 

Another necessity is team-work. It is never long before work on any pro- 
blems in tropical countries calls for the combined use of a number of different 
techniques. The sociologist and the geographer, the soil scientist and the botanist, 
the physical oceanographer and the biologist, the entomologist and the doctor 
and sometimes, on a still wider scale, the sociologist, the parasitologist, the 
soil scientist and the hydrologist and the geographer will have to study the 
same region together. It is therefore best that they should begin the work 
together, discuss it and agree on the lines it should take. Not all research wor- 
kers like this idea, yet it is the only proper way, for it saves time and money 
and avoids many mistakes. Research programmes will have to be planned in 
terms of collective work, and any over-emphasis on individual interests will 
have to be eliminated. 

Then there is the need for continuity. Dissipation of effort has always been 
the chief weakness of research work in tropical countries. In the absence of 
sufficient numbers of research workers, scientists and technicians have all 
too often switched from one subject to another, only skimming the surface 


| and, in fact, merely taking what pickings they please from the admirable garden 
.| of tropical nature. Nothing of lasting or authoritative value can be achieved 


by such methods and it is no doubt for this reason that so many problems have 
been taken up several times over and work has been duplicated with such waste 
of time and money. 

Co-operation is also required. Besides specialized research workers, there 
are many people, both in the tropics and in temperate countries who would 
be glad to assist in the study of the problems that tropical research centres 
have to deal with. People who are willing to supply information, amateurs, 
specialists living thousands of miles away—all these may be of inestimable 


_ assistance in certain cases. The tropical research worker should know how 


to make full use of such helpers, directing them and, when necessary, offering 
them a generous share in the work he has in hand. His work will benefit from 
such assistance, and its effectiveness will be all the greater for it. 

Once acquired, information must be circulated. Too often, scientific work 


| in the tropics is wasted because the results go no further than the personal or 
_ laboratory registers in which they are recorded. Each centre or group of centres 


should have its own means of distributing information, and should see that 
its observations and findings appear regularly in print and are widely circu- 
lated. In the civilization of today, human and perishable as it is, the written 
word, for all its frailty, has more chances of surviving and being handed down 
{0 posterity than any other record. 

This, of course, does not mean that everything should be published, but it 
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does mean that any result of real value should be made available to those wh, 
may need it. That is a sacred duty incumbent upon all. 

Lastly, the need for audacity should never be forgotten. In the face y 
problems that obviously lie beyond the powers of one man, the research worke, 


if he is to be true to his vocation must be prepared to venture into the yp, 


known—whether the job be the plotting of a medium-scale soil map over dis. 
tances of hundreds of thousands or millions of kilometres, the publication of 
the general fauna or flora of a wide area, or some other gigantic undertaking 
Even if he knows perfectly well that he will never see the end of the wor, 
himself, the really important thing is that he should have begun it, provide 
he has taken steps to ensure that it outlives him and continues what he ha 
started. For comprehensive work of this sort is especially needed in the tropics 
and the very scale of the work planned may be the means of ensuring i 
continuity. 

Closely associated with the spirit of audacity is that of imagination. Ny 
research worker, either in temperate countries or in the tropics, should & 
confined within the limits of his own knowledge and experience. Such knov. 
ledge as he has acquired should be a spring-board, not a yoke around his neck, 
In tropical research a questioning attitude, curiosity and imagination are of 
prime importance, for in this context, more often than not, the accepted canon 
can no longer be relied on. 


All this is an ideal picture of the way scientific work might be organized 
in the tropics. It may be well to remember that some countries have already 
set up organizations specially designed for tropical research. Each of them has 
followed its own natural line of development and worked out its own system 
in accordance with its normal working methods. 

Without describing them or even naming every one, we may mention th 
Council for Scientific and Industrial Research in South Africa and the Common 
wealth Scientific and Industrial Research Organization in Australia, both 
similar to the French Centre National de la Recherche Scientifique; the 
French Office de la Recherche Scientifique et Technique d’Outre-Mer, which 
as first conceived came very near to the ideal; and the Institut de Recherche 
Scientifique en Afrique Centrale, a Belgian organization dealing with research 
in Central Africa. These bodies have a twofold object—they carry out both 
applied research and basic research. 

Other organizations are more limited in scope, and undertake only applied 
research—such as the Institut de Recherches pour les Huiles et Oléagineu 
and the Institut Francais de 1’Afrique Centrale, in France, and the Institu 
National pour 1’Etude de l’Agriculture du Congo in the Belgian Congo- 
or, like the Institut Océanographique at Nha-trang (Viet-Nam) even Catt) 
out research in one branch of science only. 

The fact that there are so many different tropical research organizations ha 
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led to co-ordination between them. This is mostly on a regional scale, and 
is the especial concern of organizations like the Scientific Council for Africa, 
the Pan-Indian Ocean Science Association, the South Pacific Commission 
and the Pacific Science Association. 

The rapid rise of local organizations and their research centres since the 
war ended and the subsequent establishment of regional groups designed to 
co-ordinate the work of these organizations stand in sharp contrast to the long 
period during which scientific organizations in temperate countries remained 
separate from and in rivalry with each other. This shows how far we have 
advanced already, and justifies the hope that this vast undertaking—the estab- 
lishment of effective scientific research in the tropics—will succeed. 


SCIENTIFIC RESEARCH IN THE TROPICS AND THE FUTURE OF SCIENCE 


There is, however, one field of human life—and doubtless a far more important 
one—which will be transformed by the application of scientific research to 
tropical regions. 

At the dawn of the Renaissance, human society and its ways of thinking 
were transformed by the discovery (empirical as it was and interlarded with 
strange stories) of the earth and of the tropics and their inhabitants. If the 
Renaissance had not also brought the discovery of a completely new, unknown 
world, the glory of Western European civilization might have equalled that 
of the Hellenic age, but it would have become petrified and stereotyped for 
want of nourishment and outside standards of comparison, as did the civiliza- 
tion of the Antonine empire. 4 

It would have been only an ephemeral brilliance, and not the threshold of 
that age of wonder in which we are still living. 

Today interplanetary travel has brought us within sight of a further revolu- 
tion in the life of man. Its effects on society, law and philosophy may be simi- 
lar to those that were introduced by the development of trade-wind navigation. 
But when science is applied to the tropical zones, and to the plants, animals 
and human beings that have become physiologically and sociologically adapted 
to tropical conditions, it should bring to society a whole series of discoveries 
so new and so unexpected as to modify the very foundations of our thought. 

When we consider the social mechanisms of human groups which, though 
predominantly paralogical, have built up an infinite variety of harmonious 
systems; when we study the proliferation of animal or vegetable species in a 
universe where intensive selection appears to favour variety and not unifor- 
mity and no longer produces the results we are accustomed to see; when we 





1. In saying this, we do not, of course, wish to underestimate the economic phenomena or the social factors, especially 
the fluctuations in population, which played such an important part in the expansion of Europe between the sixteenth 
and twentieth centuries. But we do believe that the addition of an outside source of nourishment was needed for 
such factors to bring about a development which they could not produce, for example, in the twelfth century. 
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analyse the incredible complexity of animal societies, culminating in hug 
mushroom-like ant-heaps or in columns of harvesting or soldier ants, wit, 
their retinues of guests, tolerated or aided, in a morphology turned topsy. } 
turvy; when the agronomist reflects on the equatorial forest—a closed Circuit, 
planted on the earth but not drawing its substance from the earth, which js 
how so eminent a botanist as Mr. Stehlé sees it; when the botanist tries to dis. | 
cover the reason for the various forms of orchids, or the biologist the cause; 
of the extraordinary power of camouflage of the leaf grasshopper; when the 
scientist takes cognizance of all these things, he finds himself at every tum 
obliged to revise the systems on which he works—he has to reject what he ha; ) 
learnt from the rigidity of nature in temperate regions and realize that a question 
which he was accustomed to answer in one way, and which in his classical 
world permitted of only one answer, may have and in fact has, a dozen answer; 
all apparently in contradiction one with another. 

This complete reversal of our ways of thinking, our reasoning and our theo. | 
ries will perhaps prove to be the greatest benefit of tropical scientific research, ) 
and will open to mankind paths that seemed closed and discover new ones, 
thus preserving twentieth-century man from the sclerosis induced by the soulless 
logic of the industrial age. 

For the life of society and the world of nature in the temperate regions are 
the basis of the systems of thought which, after prevailing in those regions, 
were transplanted by Europeans to the tropics or brought back to the tropics 
by students returning home at the conclusion of a period of study in a tem- 
perate country. ) 

But those assumptions concerning society and nature are purely local and 
very often limited in their application; to extend them to tropical sesienti| 
often impossible, and always, at least, productive of error and tension. 

Scientific knowledge of the facts that apply in the tropics must therefor 
bring new life to our systems of thought, our concepts and our methods. 

The opening up of tropical countries to scientific research must lead toa 
rebirth of science and to a revolution in its basic assumptions; and this renewal 
must bring enrichment to the whole world, pointing the way towards new | 
endeavour and towards achievements dedicated to the greatest good of al 
mankind. 
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ALTERNATE USES OF LIMITED 
WATER SUPPLIES 


by 
G. F. WHITE 


Dr. Gilbert F. White, Ph.D., is Professor of Geography at the 
University of Chicago. He was formerly President of Haverford 
College and Vice-Chairman of the President’s Water Resources 
Policy Commission and has been a Member of the Unesco 
Advisory Committee on Arid Zone Research. Dr. White is a 
specialist in the conservation of water resources. 


The gap between scientific knowledge and its applications is nowhere more 
evident in the arid lands than in the results of human decisions as to alternate 
uses of water. Much of the potential supply goes unused, a considerable part 
of the water withdrawn is used at low physical efficiency, and in many instances 
it apparently yields relatively lower social returns than it would if put to other 
purposes. While man has shown fine ingenuity and perseverance in marshal- 
ling the generally meagre surface and underground supplies of the arid zone 
to support an expanding population, he has in numerous places fallen short 
of using the understanding and available skills which would make possible 
greater comfort and production, and in more than a few areas his current 
activity is leading to the impairment of the basic soil and water resources. 

Without assuming any dramatic advances in desalinization or weather modi- 
fication or in the scientific research upon which new technologies are grounded, 
it appears that there still are large potential supplies which could be made 
available for human use. To be sure, some aquifers already are exhausted and 
some streams have been claimed beyond their physical limits, but in a few 
such places there is the possibility of modifying use and of shifting to different 
or multiple uses. Even if no new technologies were to be perfected, major 
increases in the product of the arid zone could be attained by new water 
development or by applying the known skills for storing, transporting, lifting 
and distributing water. 

While these discrepancies between the possible and the actual widen, as 
they do in many sectors of human life, heavy investment is being made in 
new works for water development, and large-scale efforts at education and 
technical training are under way. The engineer designing a storage reservoir 
knows that sizeable flood flows not controlled by his reservoir still will move 
unregulated to the sea or interior basin. The agricultural extension worker 
realizes that while he is trying to teach a simple method of stopping waste 
at irrigation diversion works there remain other substantial gains in net income 
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which could be claimed by radical changes in cultivation methods and far 
organization. The question then arises as to how far and where it may be 
practicable to strengthen the life and economy of the arid zone by Proven 
measures for modifying the use of water. Why is there a widening gap betweg 
knowledge and practice and what effective steps might be taken toward reducing 
it? 

This is the problem which will be stated in broad outline, drawing Upon 
the findings of scattered technical assistance efforts of recent years. It is , 
problem which has received all too little attention in the past and which 


properly belongs in any general assessment of the status of arid zone research, } 


Unless the means are found to gain acceptance of the salinity laboratory 
findings by the oasis farmer, and unless sound methods are developed to 
enable communities to choose the more productive ways of using and re-using 
the limited supplies of water, the most germinal biological and physical research 
will yield only meagre harvests of action. 


DIMENSIONS OF THE PROBLEM 


Fundamental differences in resource endowment from place to place immedia- 
tely suggest one dimension of the problem. The potential supply of water and 
arable soil sets varying physical limits to ultimate development. For example, 
some dry lands are too steep or too salty or too rocky to permit cropping us 
even if water were available, and the absence of porous water-bearing strata 
in some areas renders them completely unsuited to irrigated agriculture, 
On such considerations as these, large areas of the arid zone seem unlikely 
to present any serious problem as to alternate uses of water: the total amount 
of potential water supply and cultivable soil is too small. 

More common, however, is the situation in which there are potential supplies 
of significant size and in which the decision as to application of current tech 
nology is based in part upon economic efficiency. By this is meant the criterion 
sometimes employed to measure the net productive returns from given inputs 
of labour and capital. If the efficiency criterion were to determine investments 
in water facilities, the water would be so allocated as to equate the marginal 
productivity of water for each of the possible competing uses.1 For example, 
a given supply of water in a basin would be allocated among irrigation, muti 
cipal water supply and industry so as to obtain the optimum return from the 
combination of different uses and amounts. If this were to require reallocation 
from present uses, the costs of making the change would be taken into account. 
In fact, this optimization of water use rarely occurs. There are two principd 
reasons. One is that the means of estimating the likely time flows o 


1. H. Marshall, ‘The Evaluation of River Basin Development’, Law and Contemporary Problems, Vol. XXI, No. 2 
Spring 1957, pp. 237-57; R. N. McKean, Efficiency in Government through Systems Analysis, New York, J. Wilks 
& Sons, 1958, 336 pp. 
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income and costs from different uses of water are so imperfectly developed 
that it is extremely difficult for either an individual or a public agency to lay . 
I the basis for rational choice. A second is that social organization and process 
set up so many curbs to the making of a choice that the efficiency criterion can- 
not be applied freely. 

As has been shown for many facets of economic development,! the compli- 
cated and subtle aspects of culture account in large part for the gap between 
knowledge and action. To state this generally is not, however, to offer a satis- 
factory answer to the social dimension of the problem. Merely being aware 
that some combination of education, water law, religious belief and tax 
policy has relevance to heavy wastage of water in an oasis or to the deteriora- 
tion of flood irrigation dams in a wadi, may be of little help in designing the 
means of curbing the waste. The knowledge of the ways in which decisions 
are made as to water use must be sufficiently penetrating and precise to per- 

mit rough estimates to be made of the circumstances in which improvement 
may be expected to take place. A revealing commentary on the prevailing igno- 
rance of these circumstances is the widespread tendency to favour one large- 
scale construction project over small-scale projects or readjustments in water 
use as a means of meeting new needs for water. In some social settings it is 
easier, faster and possibly cheaper to build a new storage reservoir under 
the direction of one engineering agency than to achieve a reduction in water 
wastage among the many farmers to be benefited. 

Any part of the arid zone with a potential supply of water may be thought 
| of as facing the problem of how far it may be practicable to strengthen the 
economy by proven measures for modifying the use of water. In its simplest 
terms the problem involves choice of different efficiencies of use at a livestock 
watering point or in a small flood irrigation scheme. In its most complicated 
) form it involves choice among a large number of use combinations in a mul- 
tiple-purpose system for water regulation. Whatever its scale, it has dimensions 
of physical environment, of economic productivity, and of social feasibility. 

This problem will be examined by reviewing the elementary concepts of 
water supply, a few characteristics of water use, and several criteria of water- 
| use efficiency. Examples of inefficient use will be noted, and some of the social 

factors accounting for such use will be listed. Against the background of the 
social change now observable in the zone, the implications for research will 
be suggested. 


CONCEPTS OF WATER SUPPLY 


Ina strict sense the water supply of an area may be thought of as the total 
water which either falls as precipitation or flows into the area in surface streams 





|, M. Mead (ed.), Cultural Patterns and Technical Change, Paris, Unesco, 1953, 348 pp. 
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and in aquifers. This gross amount of water may be termed the potenti 
supply, and in so far as there is movement from outside catchment areas, 


the potential supply of one region gains at the expense of another. In some 


cases where the ground water has been trapped from earlier geologic Periods 
as in a few basins of the southern Great Plains, the potential supply is jj, 
a mineral resource which once used will not be replaced, but generally it js 
a flow resource that is replenishable. 

At any given time and place that part of the potential supply which is ayaj. 
able for human use may be termed the available supply. In drainage areg 
such as in the Virgin Islands, where the land surface of some slopes is pave 
with impermeable materials and all run-off is collected, the available supply 
may rival the potential. In the Nile, as reported by Semaika, the differences in 
flood flow from year to year make up roughly two-fifths of the mean total wate 
unavailable in an average year. In an area where rich aquifers have been dis. 
covered but are not yet tapped by wells, as in parts of Algeria, the availabk 
supply is zero in contrast to a large potential. 

Although the arid zone is everywhere characterized by meagre supplies, if 
potential supply is expressed as depth over land area, there are major diffe 
rences in the types of supply situations. At least six types may be distinguished, 

Extremely arid. With a few exceptions those areas with the extremely anid 
precipitation pattern, defined by Meigs! as experiencing some years without 
any rainfall, have negligible potential supplies. The mean potential supply 
may be of the order of 50 to 100 mm. annually, and they may be thought of 
as having insignificant available and potential supply unless potential is increas- 
ed by long-distance transportation of water. 

Sparse localized supplies. In areas with mean annual water surplus rangin 
from 100 to 400 mm. the potential supply is small, but it typically collects in 
localized areas. Surface flows are ephemeral, erratic, and violent. They chara- 
teristically collect in stream channels from which they seep into valley sed: 
ments or evaporate in shallow playas. Where they flow across porous forms 
tions, as with the short streams of the rugged uplands of Baluchistan, they 
may replenish ground-water supplies which are concentrated in small basins 
in alluvial fans, or below the valley bottoms. These areas have spotty patterns 
of available water supply; the occasional flows are localized in a few wadis 
and the ground supplies are either very thin sheets, as in the northern Westem 
Desert of Egypt or are concentrated in a few favourable collecting places 
Perhaps the extreme case of use of sparse localized supplies is the ancient agt 
culture of the Negev where artificial collection works on the slopes of the drait- 
age areas were designed to channel the flow from about 32 hectares of sur 
face to 1 hectare of cultivated land in the valley bottom. ? 

1. P. Meigs, ‘World Distribution of Arid and Semi-arid Homoclimates’, Arid Zone Hydrology, Paris, Unesco, 1953, 
pp. 203-9 (Arid Zone Programme, 1). 


2. M. Evenari, L. Shanan, N. Tadmor, ‘The Ancient Desert Agriculture of the Negev’, Ktavim. Records of the Agi- 
cultural Research Station, Vol. 9, No. 1-2, December 1958, pp. 107-29. 
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semi-arid supplies. Over large sectors of the semi-arid lands there are sea- 
sonal flows of water which vary tremendously in volume from year to year 
| put which supply perennial stream systems and underground resources. These 
have sufficient precipitation to support crop growth in many years but not 
in most years.' High concentration of potential supplies is not everywhere 
essential to their use, and it is possible to maintain small stock-watering reser- 
voirs and relatively shallow wells in favourable sites. The location of water 
points in areas such as the high plains of Algeria has a major effect upon the 
density and pattern of livestock grazing. 
) Exogenous surface supplies. Some extremely arid areas as well as better water- 
ed areas are crossed by major rivers which carry perennial flow from distant 
sources and thus account for a much higher potential supply. Many of the great 
irrigated river basins of the arid zone are in this class, including the Indus, Syr- 
Darya, Tigris-Euphrates, Nile, and Colorado systems. Here the potential supply 
is fixed by the flow, and the available supply by the degree to which that flow is 
parote in time and place. Such streams also cross local sparse and semi-arid 
areas, and may be a principal contributor to potential supply there as well. 

Exogenous ground supplies. Less sizeable are the flows of water in some 
aquifers which have their source in humid or sub-humid areas and underlie 
arid areas. For example, in the Northern Great Plains of the United States of 
} America, the Dakota sandstone carries water from humid areas of outcrop 
under semi-arid areas to the east where it may be withdrawn by wells. In 
these instances, as with exogenous surface supplies, the potential supply may 
) be drawn largely from the outside. 

Localized exogenous supplies. In regions where there are sharp differences in 
relief and rainfall over short distances of several kilometres a special type of 
) situation is found, that of the localized exogenous stream or aquifer. On the 


ed slopes of the Hoggar, as on the borders of the Iranian plateau, are numerous 


streams which rise in mountainous drainage areas, flow erratically, and exhaust 
themselves in the adjoining arid lowlands. Few of them are perennial, and 
few flow farther than 10 or 20 kilometres from the mountain front except at 
times of rare flood. The aquifers which they feed are also small in extent. 
These situations account for many of the oases found in extremely arid or 
sparse localized supply areas. 


WATER USE CHARACTERISTICS 


The more common definition of the arid zone and its semi-arid borders, among 
many definitions that have been offered? is that it is a place where water is 
insufficient for normal crop growth. In this sense the zone is perceived as an 





. G, P. de Brichambaut, ‘Agriculture en zone aride et indice climatique’, Notes Marocaines, Société de Géographie 
du Maroc, No. 11-12, 1959, pp. 33-40. 
2 — “Les milieux arides. Definition. Extension’, Notes Marocaines, Société de Géographie du Maroc, No. 8, 
, Dp. 15-30. 
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area where the natural use of water by plants exceeds the available Supph 
in most years. The Meigs map * of the homoclimates shows those areas wher 


—_—_ 
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in the mean year, there is insufficiency of monthly precipitation for the normal) it also 


plant and soil demands as expressed in potential evapotranspiration. Potep, 
tial evapotranspiration measures the natural demand for water from a Vege 
tated land surface. This demand almost never is met in the arid zone, and tly 
actual use by plants and soil depends upon the sparse amounts of water ayaj. 
able. Thus, a rainfall of 40 mm. in 24 hours on a valley slope near Khartoup 


will run off the surface for the most part leaving only perhaps 7 mm. i of the 


soil and plants for evaporation and transpiration. The Thornthwaite wate. 
balance computations give an approximation of this natural demand, of th 
extent to which the potential supply of precipitation is surplus, and of th 
insufficiency of available supply for the natural demand. ? 

In addition to these natural uses represented by actual evapotranspiration, 
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six other major uses of water in the arid zone may be noted. These are: ee with se 


and domestic use, livestock use, industrial use, irrigation use, power us 
(both mechanical and hydroelectric), recreational use. Others may be impor. 
tant in limited areas, as for example, navigation on the Shatt El Arab, o 
waste dilution along many of the exogenous streams. 

There is no need here to describe the various uses, but it will be helpfi 
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to the later discussion to summarize certain of their characteristics which bea 


while « 


on possible harmonization of two or more uses, and which therefore have} are mc 








bearing on choices among competing uses. 
Range in withdrawal for major water uses 

Major use eer visa = —_ 
Household: ry 

Human conqumetion; ©. =. «© «© & @ - 5 5-100 

SS ao a a ee ee ae 0-5 5-100 
SO ee ee ee ee ee ee ee er ee 5 90-100 
Industrial: 

Pee wees «4 ad 6 we ce Se 1 OD 5-15 5-100 
ae ee ee ee ee ee ee 10-80 10-100 
ees! gies Va oe (a es sk a . 0-2 0-2 
Se ee eee eee oar gr ee eer ame 5-100 5-100 





As indicated in the table, these uses vary greatly and also, within a given us, 

in the amount of water withdrawn, the amount consumed, and the amoul 

returned to the available supply. For household purposes the litres withdraw 

per capita daily ranges from one for a Bushman in the Kalahari to 800 fora 
Meigs, op. cit. 


1. P. 
2. C. W. Thornthwaite; J. R. Mather; D. B. Carter, Three Water Balance Maps of South West Asia. Centerton (N.J), 
1958, 57 pp. (Laboratory of Climatology, Publications in Climatology, Vol. X1, No. 1. 
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ee. 
e sp resident of Beverly Hills, California. It is theoretically possible that all but 5 
1s Where per cent of this withdrawal could be returned to the available supply, but — 
> Norm) it also may happen that the entire amount is lost through evaporation and 
|. Poten\ transpiration after being used. 

@ Veg! In each case the possible range of consumptive loss and of loss to the avail- 
4nd th! able supply can be as great as indicated in the table. In a city with effective 
ler avail! sewers and low usage for plant growth as much as 90 per cent may be available 
hartoun| for re-use. An irrigation project may cause the evaporation and transpiration 
1. in th! of the entire supply or it may return 40 per cent of the water through drainage 
© water) gitches for use elsewhere. 

» Of th} Obviously, quality as well as quantity is a limiting aspect of water use and 
1 of the} in some cases can be changed by treatment processes. Sewage requires puri- 
fication by natural or artificial means before it can be re-used with safety 
Diration, by humans. The return flow from an irrigated field may be large but so laden 
human\ with salts as to render it unsuitable for further use, and there may be no eco- 
wer we} nomic means of removing the salts. Critical characteristics of water with respect 
impor} to quality, substitutability and competing demand have been described by 
rab, ot) Ackerman and Lof. ! 
Because of differences in consumptive use and in the amount and quality 
helpful! of return flow some of the uses can be rather readily reconciled with each other, 
ch bea} while others are in direct conflict. In general, household and industrial uses 
have i} are most compatible with other uses. Power makes few irreconcilable demands. 
Irrigation uses may be utterly irreconcilable because of their effect upon both 
) quantity and quality. 














CRITERIA OF WATER USE 


turned 
pply 
How may the effectiveness of different uses and different intensities of use be 
judged? Within the physical limits set by the environment in each of the types 
re of supply situations, the decision as to how much water will be used for what 
00 | purpose and by which means is a complex one reflecting the whole range of 
| cultural factors that are at work. At least three kinds of criteria can be applied 
“- | in any situation to gauge how near the particular pattern of water management 
| comes to meeting the aims of the society. One of these is strictly physical, 
00 | the second is the traditional economic criterion, and the third is a broader 
i political measure. Each will be described briefly. 
=n USé, 
mount} Physical efficiency 
drawa 


) for a} Wherever water is used it is possible to compare the volume actually used with 
the amount which would have been used if the most advanced technology 





m (N. J.) ) 1, ing Ackerman, G, O. G. Lof, Technology in American Water Development, Baltimore, Johns Hopkins Press, 
9, 709 pp. 
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were to have been applied. This disregards the economic and broader so¢jj 
considerations, and asks only how much water is used in proportion jj 
the theoretical minimum for that purpose. It may be expressed in simp 


T : ; : , 
terms as: E, = A where E, is the physical efficiency, A is the actual amouy 


of water used for a given purpose, and T is the theoretical minimum use fy 
that purpose under known technology. 

Using this criterion, a city in a desert area which used water without a sap. 
tary sewer system and returned no water to stream or ground water would) 
considered to approach zero efficiency while one which returned 90 per cent 
its water out of a possible 95 per cent recovery would approach complet 
efficiency. Likewise, an irrigation project would approach complete efficieng 
as its total use approached the minimum amount required for plant growth, 
a figure which never can be attained because of losses in storage, conveyanc 
and distribution of water. 


Economic efficiency 


When economic costs and returns are taken into account attention is turned 
to the marginal returns from various amounts of water inputs used for variow 
purposes. An outline for the criterion has been expressed as:1 


MPP,, x MR, = MPP, x MR, = ...MPP,, x MR, 


where MPP, is the marginal physical product of factor a in producing pro 
duct x, MPP, is the marginal physical product of factor a producing the nth 
product, and MR, is the marginal revenue of product x; x and y can be cons: 
dered as different uses of water having constant cost. Such a measure custo 
marily assumes a number of conditions that may not in fact apply; for exampk, 
that there are no budgetary restraints, that there is perfect marketability 0 
product, and that the consumer choice is rational, but it also offers greate 
precision in thinking about future streams of gains and losses. ? 

One of the comon variants of the economic efficiency criterion is the bene 
fit-cost ratio which has been widely applied in estimating the feasibility of and 
choosing designs for, new public irrigation, waterworks and power enitt 
prises. ? Such a ratio does not necessarily measure the economic impacts, andit 
is subject to serious misinterpretation and manipulation, as noted by numerous 
workers, * but it remains one of the few readily available devices for judgint 


1. Water Resources and Economic Development of the West, Committee on the Economics of Water Resources Der 
lopment of the Western Agricultural Economics Research Council, Denver (Colo.), 17 to 19 November 1951 
116 pp. Reference to D. M. Blood, p. 104 (Report No. 7, Conference Proceedings). 

2 R.N McKean, op. cit. 

3. United Nations, Formulation and Economic Appraisal of Development Projects, Book 1, Major course lectures i 
vered at the Asian Centre on Agriculture and Allied Projects, Lahore, Pakistan, October to December 1950. 

4. R. N. McKean,, op cit.; K. W. Kapp, ‘River Valley Projects in India: Their Direct Effects’, Economic Developme 
and Cultural Change, Vol. VIII, 1959, pp. 24-27; J. Timmons, E. Heady, ‘Economic Framework for planning Ef 
cient Use of Water Resources’, Jowa’s Water Resources, Ames (Iowa), Iowa State College Press, 1956, pp. 4741: 
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economic feasibility. An interesting comparison of government practices in 
the Union of Soviet Socialist Republics and the United States of America is 
given in the United Nations report on integrated river development. ! 


} 


Political efficiency 


A less precise and less well formulated criterion which often enters into public 
decisions as to water management in arid lands is the rough comparison of 
regional gains and costs, including not only the usual economic criterion but 
> consideration of effects upon social structure and political stability and power. ? 
It is in this broader context that a project such as the Aswan High Dam is 
sen as serving the aims of the government in its special circumstances, regard- 
less of whether or not it might be shown to be the project among scores of 
possible ones in the Nile system which promises to optimize economic returns. 

In the same context, the United States may decide to proceed with a less 
| oaaihelis efficient project on the Columbia basin because construction 
of the optimum investment would require international agreements that are 
not yet achieved. And, similarly, Pakistan may devote capital to tube wells 
to reduce waterlogging because measures to prevent excessive use of water 
by revising farm practices, while more basic, would also be more difficult 
and time-consuming. 


INEFFICIENT USES 


It is apparent that large amounts of water are being used in the arid zone in 
ways which according to one or more of these criteria are inefficient. Several 
examples of the more common patterns of inefficient use will be given. In 
) cach case the supply situation, the patterns of water use, the use of criteria, 
and some of the social obstacles to more efficient use are indicated briefly. 


Non-use of ground waters 


In the high valleys of South-West Asia are large areas of sparse localized 
supply which are not now irrigated but which could be turned to intensive 
agricultural production if wells were drilled to reach relatively shallow aquifers 
as yet untapped. This water goes largely unused. Its development requires 
detailed hydrogeological surveys that are just becoming available, the capital 
and technical personnel to drill the wells, and a reorganization of agriculture 
to deal with new irrigation. As the difficult experience with the Helmand 
Valley project already has demonstrated amply, the resistance to any planned 


—_——. 





1, United {Nations, Department of Economic and Social Affairs, Développement intégré des bassins fluviaux, 
New York, .1958. 
2. N. Wengert, Natural Resources and the Political Struggle, New York, Doubleday, 1955, 71 pp. 
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change in the organization of village and nomadic life is great, and the bes 
of ground-water survey and development efforts will be fruitless unless th, 
concomitant shifts in the way of rural life can be achieved without undy 
sacrifice of social values. 

As Drouhin has pointed out, the recent tapping of the great continent 
aquifer in Algeria has created new oases and made possible movement ¢ 
population away from overcrowded areas. 


Non-use of flood waters 


It is estimated by FAO engineers that in an average year the Wadi Jizan, 
drainage area, of 1,090 square kilometres on the Red Sea coast of southen 
Saudi Arabia, yields flood water sufficient to irrigate 50,000 acres of suitabk 
soil only a part of which is already under rough cultivation. ? This is an ara 
of sparse localized supplies where the physical efficiency could be at leay 
doubled and the economic efficiency probably would be favourable to such 
development. Hydrologic records have been almost wholly lacking, technical 
advice would be required to design dams which would withstand and hold 
back the occasional torrential flows sufficiently to prevent damage to diversion 
dikes, and systems of land ownership and water rights would need to be re 
adjusted to permit optimum use of the supplies made available by th 
retarding works. 

Many such opportunities present themselves in areas of localized exogenous 
or sparse supplies. Thus, the dry Pacific coast of South America and scattered 
basins in North Africa are susceptible to expansion of irrigated acreage and 
municipal water supplies through construction of storage reservoirs and the 
management of ephemeral streams. 


Over-use of irrigation water 


In the Iraqi section of the basin of the Tigris-Euphrates, one of the great exo- 
genous surface supplies, the mean annual losses of water in the irrigation enter 
prises is of the order of five or six times the amount which possibly could 
be utilized by the cultivated crops in their annual growth.” This low physical 
efficiency can be attributed in part to the abundance of water provided by 
the new system of multiple-purpose dams, and in part to the conditions of 
land tenure and water allocation which encourage irresponsible applications. 

A recent estimate for the western United States is that if no increase wert 
made in the efficiency of application and transmission of irrigation watt, 


1. N. Simansky, Report to the Government of Saudi Arabia on the Preliminary Project for Land and Water Use Develor 
ment in Wadi Jizan, Rome, FAO, 1955, 38 pp. (Food and Agriculture Report, No. 410). 
2. W.H. Al-Khashab, The Water Budget of the Tigris and Euphrates Basin, 1958, 105 pp. (University of Chicago Depart: 
ment of Geography Research Paper, No. 54). 
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an additional 56 million acre-feet will be required in the year 2000 to meet 
crop and pasture requirements. However, with ‘reasonable efficiency in the 
transmission and use of irrigation water, the same production levels could be 
reached with only 4 million additional acre-feet’. * 


Non-recovery of water 


The city of Baghdad withdraws approximately 34 million cubic metres of 
water daily from the Tigris, but returns only a small proportion to the stream. 
in the absence of a unified system of sewers, the greater portion of this is lost 
by evaporation and seepage in the vicinity of the city. The cost of a sewer 
system has been considered excessive but it is a facility which without question 
must be provided if standards of health and comfort are to be reached; the 
question will then arise as to whether treatment and recovery of the waste water 
would be warranted for other purposes such as agriculture and industry. 
The city of Karachi withdraws at least 21 million gallons daily from the 
exogenous Indus system and from the sparse localized supplies of a nearby 
stream. This water either is lost in the soil of the city or flows into the salty 
coastal waters. Again, cost is a current limit to recovery, but it may well prove 
a stimulant to careful treatment when a comprehensive waste disposal pro- 
gramme is carried out. The opportunities for re-use of water are canvassed 
in a recent comprehensive study in the United States which states: ‘... water 
utilization methods gain ascendancy as the gap between availability and 
demand increasingly closes. Such closures are universally visible for the 
country as a whole. Examples ar eat hand, however, of wiser water management 
where water is hard to get, where competitive costs of alternative sources 
are rising and where geographical juxtaposition is favourable for re-use’.? 


Wasteful conveyance of water 


In the western United States it is estimated that as much water is consumed in 
ayear by phreataphytes growing in and along streams and irrigation canals 
as is consumed by the irrigated crops. This applies generally where water is 
conveyed long distances from exogenous sources or from localized exogenous 
supplies, and transportation losses are well known to account for as much 
as 40 to 60 per cent of all water diversions in some irrigation projects. The 
lower physical efficiencies are to be found in areas where porous soils make 
for large seepage losses, e.g. in portions of the Indus plain, or where long canals 
without adequate lining or maintenance carry the water to the fields. 


|, United States Senate, Select Committee on National Water Resources. Water Resource Activities in the United 
States, United States Senate, 86th Congress, 2nd Session, 1960, 24 pp. Quotation from p. 8. 


+ F 2. United States Senate, Select Committee on National Water Resources, A Report upon Present and Prospective Means 


for Improved Re-use of Water, United States Senate, 86th Congress, 2nd Session, 1960, 195 pp. 
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It is technically possible to design conveyance systems with lined ditchy 
covered canals, and automatic control devices that minimize these logy 


Economic returns are a limiting factor in some instances, but as competi) 


needs for water arise in other irrigated areas or for other uses this factor my 
be less of a deterrent. 


Low economic returns 


Recent studies in the United States point to gross misallocations of waty 


in some arid sectors. An investigation of the marginal productivity of irrigate 


land in 1954 showed that the marginal returns per acre were markedly lex 
than those from irrigated land in humid and sub-humid areas.! These et. 
mates took into account differences in inputs of labour, machinery, and othe 
operating expenses, but did not attempt to compare the results with the fixe 
costs of the irrigation enterprises. 

In this connexion, a pioneering examination of one sparse area with exog. 
nous supplies, the San Juan basin in Colorado and New Mexico, attempted 
to estimate the productivity of an acre-foot of water for each of the possibk 
major uses. * The tentative estimates indicated a monetary value of an acr. 
foot of water in irrigation of $14 to $18 as compared with $200 to $300 if use 
for recreational purposes in the stream channels and with $1,200 to $3,30 
when used for municipal and industrial purposes. In this case, if it is assumed 
that there will be a market for the water in manufacturing and that the recrez- 
tional uses will expand as expected, the optimum programme for makin 
the potential supplies available would call for large allocations to industy 
and to the maintenance of fishing streams rather than to expansion of irrigated 
acreage. This would require radical changes in the public view in this ara 
as to priorities of water use. 

It seems likely that other parts of the arid zone will face similar problem 
of choice among alternate uses as they become more urbanized and mor 
linked with other commercial economies. Speaking of the western Unite 
States, one student says: 

‘In 1955 almost 90 per cent of the withdrawals in the 11 western states wer 
for irrigation purposes and less than 9 per cent were for industrial uses. ln 
the future it seems certain that these proportions will be altered significantly 
in view of the fact that an acre-foot of water dedicated to industrial use- 
and possibly to recreation—will provide more income and employment ani 
thus support more people than an acre-foot dedicated to irrigation.’ ® 


1. J. C. Headley, V. W. Ruttan, Regional Differences in the Impact of Irrigation on Farm Output, Paper presented at the 
annual meeting of the Western Regional Committee on the Economics of Water Resources Developmett 
Berkeley (Calif.), 29 January 1960, 32 pp., mimeographed. . 

2. N. Wollman et al. Value of Water in Alternative Uses, draft report to Resources for the Future Inc., Universil) 
of New Mexico Press, 1959. 

3. I. K. Fox, Water Supply, Demand, and the Law, 1960, 23 pp. (Resources for the Future Inc., Reprint Series, No. 15. 
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On a broader scale the same question may be raised elsewhere. With increa- 
singly complex technology permitting multiple uses, with increasing urbaniza- 
tion and its concomitant demands for both recreational and food-producing 
yses of land, and with improved transport, the traditional view of primarily 

agricultural use of the limited supplies seems destined to strenuous challenge. * 


Single-purpose use 


In older settled areas it is not uncommon for water use to have developed 
t for single purposes, although conflicts have sometimes emerged, as in the 
case of the Kunduz basin of Afghanistan where the diversion of canal water 
to operate grist mills deprives some irrigators of water. ? New electric turbines 
in the area are also reported to be in conflict with irrigation, but notwithstan- 
ding these irritations the economic feasibility of increasing agricultural supplies 
by storing flood flows will hinge in considerable measure upon designing 
combined irrigation and power reservoirs. Thus, single-purpose use which at 
one stage was an advantage to the farmers would be a handicap to further 
extension of cultivated acreage. 

Wherever large-scale water development is in progress in the arid zone, 
as for example in the USSR,* multiple-purpose design is emphasized, and, 
to the extent it proves effective in settled areas, it marks a departure from the 
older, single-purpose concept and the institutions attached to single purposes. 


| SOCIAL FACTORS 


In the preceding review of inefficient uses a number of social factors were 
noted as possible impediments to attaining higher efficiencies in intensity 
) and allocation of water use. Some of these may be listed in a systematic fashion, 
giving for each an additional example of a situation in which it seems to be 
significant. This list is not exhaustive, and is intended only to suggest the diver- 
sity of factors. 


Lack of basic studies 


As has been stated frequently, great expanses of the arid zone have not been 
sufficiently surveyed to permit the requisite elementary studies of geological 
conditions, hydrology, land form, soil, and vegetation for the drawing up 
of practicable schemes for using sparse localized supplies and local exogenous 
supplies. Some of the major ground supplies probably have not been identified. 





|. L. Koenig, ‘The Economics of Water Sources’, The Future of Arid Lands, Washington D.C., 1956, pp. 320-28. 

2. A. T. Peterson, Report to the Government of Afghanistan on the Improvement of Irrigation, Rome, FAO, 1958, p. 36. 
(Food and Agriculture Report No. 862). 

3, Report on the Training Centre and Study Tour on Irrigation and Drainage held in the USSR, 7 August to September 
1956, Rome, FAO, 1957, p. 131 (Food and Agriculture Report No. 718). 
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A common refrain is that more basic data are required, more mapping jy | 
urgent, and more basic research is essential to extending and interpreting 
the physical knowledge already in hand. This statement is valid. 

A note of caution nevertheless is in order. To the extent that the physicy 
surveys focus attention on strictly engineering solutions and divert interest fron 
problems of readjusting the ways in which water is used, they may be doing, 
disservice. The most economical and safe design for a dam and canal on the 
Helmand may retard the efficient use of water unless it is geared to a sane an( 
discerning programme for sedentarization of the nomads who are expectej 
to benefit. 


Education and technical advice 


Throughout the areas irrigated with exogenous supplies the low physical 
efficiencies and the destruction of soil resource through waterlogging and 
salting is attributed in part to lack of education and to the absence of means 
of teaching the peasant effective methods of water use in the ditch and in th 
field. The intensive work on literacy and community education in the pilot 
Egyptian reclamation project of Abis illustrates not only the broad educational 
strategy which is being tried out to improve resource use but also shows the 
deliberate pace at which any such effort tends to move. Here lies one of the 





political attractions of the Tahrir Province type of community development, 
where radical shifts in housing, dress, and farming methods appear to a govern- 
ment to be easier to promote in a community newly planted on raw desert’ 
land than in an old village in the rich delta of the Nile. 
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Water law and water pricing 


Perhaps the most inflexible factor affecting changes in water uses is the law 
of water rights and allocations. This varies tremendously from place to place 
but where supplies are small the rules by which the available supplies can b 
withdrawn, used and returned are always well defined by custom, court pre 
cedent, administrative order, or statute. Some of the more striking factors 
of this rigidity are the lack of suitable agencies for administering rights, conflicts 
of doctrine or statute, and the development of legal systems to deal with one 
use, such as agricultural, without taking into account other, more recent uses, 
such as municipal needs and watershed treatment, which enter into competi 
tion for water supplies. + 

Any readjustment of water rights affects property rights more precious than 
the land itself, and it is made doubly difficult by the lack in most areas of ally 
well-established method of pricing water. Although land in many cultures 








1. W. S. Hutchins, H. A. Steele, ‘Basic Water Rights Doctrines and their Implications for River Basin Development’ 
Law and Contemporary Problems, Vol. XXII, No. 2, Spring 1957, pp. 276-300. 
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' is considered as having a sales price, water more often is taken as a God-given 


commodity to which neither price nor tax applies, the costs being those of 
making the potential supply available. Thus, there is no easy way of providing 
for shifts in allocations of water between uses, and while some economists 
would expect the market mechanism to be far more efficient than a system of 
administrative allocations, ' the obstacles to change in that direction are great. 


Community organization 


The character of political organization impedes the reallocation of water 
uses in at least three ways. In some areas, such as the sparse localized supply 
sections of Afghanistan, where new surface storage schemes have only recently 
been proposed, the farmers lack district or other organizations through which 
they can band together to approve plans, and construct and operate the project 
works. Similar difficulties on a national scale have been encountered in Ethio- 
pia where the lack of both water law and an administrative agency having 
national authority has been an impediment to moving ahead with plans for 
water management. ? 

The opposite difficulty arises in a long-established area such as the Colorado 
piedmont sector of the Missouri basin where the prosperous and well-organized 
mutual irrigation companies can quite comfortably operate ditches which 
are parallel to each other. They are reluctant to consider increases in efficiency 
which would sacrifice any independence of control of water diversions. Mutual 
confidence and strong and impartial adjudication of disputes are essential 
to any operations which involve the division of water, and once these have 
been attained the irrigator or livestock rancher is cautious about making any 
change that might jeopardize his rights and expectations. 

In the international sphere it is a sad fact that political boundaries have proved 


| obstacles in most instances to planning of water development. The basins 


or sectors of basins lying wholly within one nation have received more careful 
attention and action than have the streams crossing national borders, * and 
while there have been recent promising moves towards co-operation in the 
development of the Indus and Nile basins, there still remain serious frictions 
and strong resistance to international action. 


Capital, labour and production organization 


As pointed out by Schickele with regard to land development projects, the 
tequisite capital for investment in changing water uses is likely to have high 





1, J. W. Milliman, ‘Water Law and Private Decision-making: A critique’, The Journal of Law and Economics, Vol. Il, 
October 1959, pp. 41-63. 

2D. A. Caponera, Report to the Imperial Government of Ethiopia on Water Control and Legislation. Rome, FAO, 
1956, 34 pp. (Food and Agriculture Report No. 550). 

3. G. F, White, ‘Emerging Needs in Development of the World’s Rivers’, World Meteorological Organization Bulletin, 
July 1958, pp. 108-11. 
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leverage value in stimulating local capital formation.* It is becoming mor! 


readily available but is a limiting factor for numerous projects. Labour supply 
is less of a problem, but readjustments in production organization to 
out the programme may be a crucial stumbling block. The pattern of splintered] 
land holdings, the system of land tenure, the method of financing new mypj. 
cipal investments, and the availability of credit may make or break a new schem 
for water use, and the more radical the departure from current uses and method; 
the more important these factors become. 

In so far as new investment in water supplies in arid lands requires capital 
beyond the savings of the nation involved and, therefore, enters into the worl 
market or the programmes of international financial agencies, it is unrealistic 
to expect that support can be gained for heavy investments with low economic 
efficiency, as apparently is the case with much new irrigation, unless cons. 
derations of national development and political efficiency are predominant, 





— 


Risk bearing 


In many situations where new or more intensive uses might be achieved by 
application of known technology, the water users are prevented from takin 
the decisive step by their inability to run the risk of failure in the early year 
of the transition. ? Where new techniques of applying water or a change in 
soil management or a shift in crop are involved, as in the case of a chang 
from flood to perennial irrigation schemes, or in the opening up of new land, 
a farmer who is operating upon a precarious margin of survival is unwilling, 
to take the chance of a complete loss with attendant starvation or loss of 
property. Unless he has some guarantee of relief or support during the tran’ 
sition he will prefer certain long suffering to possible short-term failure. | 

Here it should be noted that to a greater extent than any other climatic Zone 
the arid lands and their semi-arid margins are areas of high risk deriving from 
erratic rainfall. Much water development, such as the early British irrigation | 
work in India, is undertaken to reduce that risk; much of the strategy of 
nomadism seeks to minimize it. However, as the potential supplies are mort 
fully utilized and as the uses and control works become more complex it is 
likely that the possibility of occasional periods of shortage will increase. One 
solution is to design engineering works to guard against any such disaster, 
as is now being done in the Egyptian area, but an alternate solution is to design 
economic systems of shortage and transport which would insure against th 
occasional extremely dry year when water is short. Measures of this soft, 
whether undertaken nationally or in connexion with some plan for world 
food reserves, would both stimulate greater development of marginal supplies 
and reduce the size of heavy expenditures to guard against the great droughts 


1. R. Schickele, Land Development and Rural Welfare, draft for second International Seminar on Land Developmet!, 





25 August to 12 September 1958, Rome, FAO, 20 pp. 
2. R. Schickele, op. cit. 
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SOCIAL CHANGE IN THE ARID ZONE 


This array of factors working against changes in water use in the arid zone 


intered| may give the impression of societies that are so rigid as to brook little advance 


muni- 
scheme 
ethods 


Capital 
: World 
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rinant, 


_— 


in methods and areal patterns of management of the limited resources. To 
a large extent this is true, but it reflects only one part of a complex picture. 
When the forces now at work affecting population distribution and organization 
are assessed it also is seen that the arid lands, after a long period of relatively 
slow change, have crossed the threshold of rapid shifts in social character. 
With the virtual disappearance of caravans and the caravanserais which flou- 
rished with them, the economic life of many oases and peripheral cities in 
the North African and South-West Asian deserts has been severely dislocated. 
In the same areas nomadic pastoralism has been declining, in part because 
of changes in their urban bases, in their employment opportunities, and the 
systematic efforts of governments to ‘sedentarize’ the nomads.* The rapid 
expansion of air, truck and pipeline transportation has altered the external 


| relations of desert towns, making them more accessible to other producing 








and marketing areas and weakening their cultural isolation. 
In a number of arid lands the rise of petroleum extraction and refining, as 
in the Persian Gulf and North Africa, and the growth of mining has provided 


| large blocks of national revenue for the first time and has stimulated movement 


of workers to the new industrial centres. Continuing high rates of population 
growth in the cities such as Cairo, Karachi and Lima have given urban life 
a greater part in the social life; the rural population has become more mobile 


, and the demand upon adjacent areas for agricultural purposes has changed. 


In the United States the fastest growing population regions are Arizona and 
California, arid or largely arid states. * 

Throughout the area from India to Morocco the political régimes have been 
changing radically, and with them the incidence of power within the nations. 
New government devices are being tried at both national and local levels. 

For these and other reasons which cannot be detailed here, it appears that 
the scene is set for radical modification in the character of the traditional eco- 
nomy and organization of major parts of the arid zone. The one large-scale 
project in Egypt and a series of smaller-scale projects in Algeria are sympto- 
matic of rising concern with water use which shows itself in new investment 
programmes in virtually all sectors of the zone, but which also recognizes the 
social implications of the new work. As Capot-Rey has said: 

‘There can be no development of the desert without some reform which 
carries over into established institutions and actual living standards the 





1, L. Krader, ‘The Ecology of Nomadic Pastoralism’, International Social Science Journal, Vol. XI, No. 4, 1959, 
Dp. 499-510; V. Monteil, ‘The Evolution and Settling of the Nomads of the Sahara’, ibid., pp. 572-84. 

2. A. Tursunbayev, A. Potapov, ‘Some Aspects of the Socio-economic and Cultural Development of Nomads in the 
USSR’, International Social Science Journal, Vol. XI, No. 4, 1959, pp. 511-24. 

3, H. F. Gregor, ‘Push to the Desert’, Science, Vol. 129, 15 May 1959, pp. 1329-39. 
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revolution that we have already accomplished there in communications ang 
transport.’ 

But propensity to change does not assure change in the direction of greater| 
physical efficiency or that changes will be made in water uses to attain larger 
marginal returns. The experience at hand raises doubt as to whether a conti. 
nuation of present types of investment and education in water use will serye 
these aims. The record to date does suggest that they will not necessarily d 
so, and that it is possible, indeed likely, that the gap between knowledge and 
action may widen still further as research on water, soils and energy outstrips 
research on social process. It also suggests that unless there are miraculous 
advances in natural science and technology, the rate at which technology 
will be applied in the interest of more efficient water use will depend in 
considerable measure upon the advances made in understanding the social 
environment in which changes can take place and the application of such 
knowledge. 

One of the dangerous myths recurring in many works dealing with water 
resources in the arid zone is that the mere application of modern technology 
will in itself be certain to be beneficial. Unless properly designed to suit the local 
environment and culture, the new efforts can cause resource destruction and 
economic distress, as witness the rapid overdrafts on aquifers by power pumps 
and the waterlogging of fertile lands by new irrigation works. } 

From what has been said about economic efficiency criteria and alternate 
uses it might be thought that wholesale changes in uses of water in arid lands 
would be in prospect. In view of the social rigidity of water use there seems 
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little danger of precipitous changes even where the whole social structure is} jf opti 


in course of active flux. To take an extreme situation, it is not argued that 
irrigation in the northern Saharan oases should be abandoned overnight | 
in favour of new industrial and recreational enterprises. It is argued that in| 
so far as shifts in that direction seem favourable on other grounds they might 
be desirable in terms of water use. 

Nor is it argued that new large-scale development in the arid zone should 
stop while proven technology is applied to existing water uses or that existing 
allocations be readjusted in areas of low water productivity before additional 
supplies are tapped. It is argued that so long as the tools of hydrologic analysis 
and dam construction are more refined than those of social analysis and con- 
munity development, the engineering undertakings may in fact be easier than 
social readjustment, and that by default the decisions as to new uses of water 
will be taken in ignorance or neglect of the full consequences of alternative 
solutions possibly yielding greater and more lasting returns. 

Among all the countries of the world with sparse water supplies probably 
none has made a more intensive application of technology and capital to meet: 


1, R. Capot-Rey, Le Sahara francais, Paris, Presses Universitaires de France, 1953, 541 pp. Quotation from D. 463. 
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ing its water demands and none has undergone more rapid social change 
than has Israel. Certainly no other country has as complete a programme of 
water storage and transportation.’ Yet in one of its major cities, Tel Aviv, 
it has a rate schedule for sale of water to domestic customers which, basing 
the charges on the value of property rather than amount of water used, encou- 
rages inefficient use. It may be more convenient for a government to design 
and construct a huge new storage reservoir to provide water serving 10,000 
new farms than to persuade 50,000 seasoned farmers to cut their unnecessary 
water use by 20 per cent and thus release an equivalent amount of water. 
The legal commitment of water rights to a community of farmers may be more 
troublesome to change than it would be to build a pipeline 100 miles in order 
to supply water to new industrial users. 

The practical range of choice may therefore be much narrower than the 
theoretical range. At a given time the policy-makers of an oasis may in fact feel 
it has the choice only among: (a) reducing its level of living; (b) exporting 
some of its people; or (c) importing additional water. Other choices, such as 
increasing efficiency or changing uses, may require prior changes in attitudes 
of administrative or citizen groups. But even though the politically expedient 
solution may have low physical and economic efficiency, it is in the interest 
of public policy to be aware of the other possibilities and of the consequences 
of each. 


RESEARCH NEEDS 


If optimal use of the sparse waters of the arid zone is to be achieved, stronger 
emphasis must be placed upon modifications in patterns of water use. Without 
diverting attention from ground-water exploration or multiple-purpose storage 


hat in} schemes or drainage programmes, this would stimulate analysis of the condi- 
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tions in which decisions affecting water use are now made and would focus 
attention on the ways in which healthy social change might be achieved. 
There are limits to supply water but this is not yet in itself an obstacle to the 
development of many areas. What apparently is much more limiting is the 
hard frame of custom, thought and organization in which water use takes 
place. 

In so far as this is true, one of the promising lines of action for increasing 
the productivity of the arid zone lies in the direction of research and education 
designed to widen the range of choice for water use. Research is required 
in at least three sectors. 

First, much more refined methods are needed to assess the physical effi- 
ciency of water use and to estimate the economic efficiency of its application. 





|, Report of the Board of Consultants on Irrigation Development ‘n Israel, Water Planning for Israel Ltd., 1956, 13 pp. 
(Publication No. 10), 
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Only as these characteristics are accurately recognized is sustained attentio, 
likely to be given to the possibilities of improving them. The water-balang 
method gives us one readily available approach to such assessment. 

The economic analysis deserves more concrete testing and appraisal jp 
working situations to demonstrate its use and limitations. Quite aside from 
the problem of comparing alternative investment possibilities, this analysis 
must be extended if it is to serve as a guide to determining the net returns from 
different combinations of water use. A pioneering venture in assessing criteria 
of water use is in progress under the leadership of the Water Resources Centre 
of the United Nations. This is a study of the cost of water in various area; 
and of the ‘price the water user is prepared, or can afford to pay for wate 
not only in an emergency but also under normal conditions’. } The experience 
of the Specialized Agencies as well as of interested governments will be assem. 
bled, and the study will include consideration of cost-price relation. 
ships. 

Secondly, the factors that enter into the decisions taken by resource mana- 
gers require much more careful investigation. Although there have been som 
studies of societies in which water use is a crucial factor, little attention has been 
paid to the precise aspects of culture which affect the manner of storing, using 
and disposing of water. The image which a farmer has of the underground 
supply, the way he estimates his future gains and losses, his attitude toward 
multiple uses, and the impact upon him of the web of social constraints and 
guides in which he moves are among the aspects which deserve more thorough 
probing. Their correct diagnosis is essential to judgement as to the extent to 
which available technology can be adopted. 

Thirdly, the processes by which social change can be achieved in resource 
management are still understood only imperfectly. To convene new gatherings 
of agronomists and engineers who lament the rising tide of salinization in 
parts of South-West Asia no doubt calls attention to urgent problems and 
their technical solutions, but unless means can be found to translate that 
technical knowledge of salt movement into the daily action of a farmer 
tending his irrigation ditch in a distant valley the experts’ symposium wil 
avail little. There has been insufficient investigation of the experience in 
technical assistance efforts and of factors which account for their success 
and failure.2 Some enterprises encounter the obstacles of low literacy and 
poor health conditions, but the difficulties attaching to specific kinds of 
organization, such as the servicio in Latin America, deserve more systematic 
attention. 

In the extremely arid areas the water supplies are negligible, but in the other 
major types of supply areas it may be misleading to think of water supply 3 





1. United Nations document E/3319. 
2. H. M. Teaf, P. G. Franck, Hands across Frontiers, Ithaca, Cornell University Press, 1955, 579 pp. 
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ttentiog ne sole immediately limiting factor to improvement of living conditions. 
balance Prhe quality of human ingenuity in applying available technology and social . 
srganization to the satisfaction of mounting human needs may be as severely 
jimiting. This social dimension of arid zone research is one which offers a 
great challenge and rich returns in human betterment. 
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An outstanding achievement of modern science is the discovery of chemical soil. A 
means of protecting cultivated plants against pests and disease agents ani? soning, 
against weeds, one result of which is that additional quantities of food fa) the or 
the population and raw material for industry are made available. It is hard)| 4 nichh 
necessary to prove that in the matter of ensuring the material welfare of th organis 
people it is extremely important to satisfy their needs for food, good clothing may le 
footwear and other necessaries, the production of which depends to a Ste ibility 
extent on the level of agriculture and crop yields. The systematic fight agains) pot o¢ 
pests and diseases of cultivated plants is not only of great economic importance) of the 
but is also socially significant. C. D. Fischer’ considers that the loss of foo, There 
and technical crops on the farms of the United States of America due to pest) empjoy 
fungoid diseases and weeds amounts, even now, to about $11,000 millio pyrene 
a year. In his report to the All-Union Conference of Workers in Agricultur) pogenj 
Sciences, E. N. Shumakov? presented calculations showing that the universi, isopro 
implementation of measures for the protection of plants against pests, diseass cides | 
and weeds could make an additional quantity of agricultural produce, value grates 
at about 45 billion roubles, available in the Union of Soviet Socialist Republis Jen 
As is known, the quantity of pesticides produced and employed in agricultur| jp fary 
in the United States and the USSR is considered greater than in other cout} time t 
tries, and if these countries possess enormous reserves for increasing agricul) the oy 
tural produce as a result of a further rise in the application of pesticides, il} the p 
is evident that the same opportunities, and perhaps relatively greater 006) agains 
exist in other countries. Economists, entomologists and other specialists in} that tk 
many countries are unanimous in thinking that there are prospects for the} ta} sid 
growth of the pesticide-producing industry and for the increased use of chem a perf 
cal means of protecting cultivated plants against pests, diseases and weeds 





1. C. D. Fischer, ‘Pesticides in the U.S.A. in the Past, Present and Future’, Chem. Week., 72, 11, I 
and 20, 1958. Kiev, 

2. E. N. Shumakov, Papers of the All-Union Conference of Workers in Agricultural Science, 19-23 June 1956 A 
Moscow, Agricultural Publishing House, 1957. 
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| and that in this way alone a great deal of additional farm produce can be 
oH we 
obtained. 
| The beneficial aspect of the use of poisonous chemicals in agriculture is quite 
| obvious, but there is also a detrimental aspect the social effects of which should 
not be overlooked. All, or almost all, of the chemicals employed are biologi- 
cally active, and are, therefore, to a greater or lesser degree, potentially poi- 
sonous for human beings and may have an injurious effect on public health. 
Measures involving the use of chemical pesticides may give rise to conditions 
Hygiee, which make it possible for certain chemical substances to be absorbed by 
} workers in quantities sufficient to induce acute or chronic poisoning. Foods 
obtained from plants or animals treated with the chemicals may contain resi- 
fe quantities of toxic substances in amounts which are dangerous for the 
health of the people consuming these foods. Contamination of the water and 
| the air of populated areas may occur, and the poisons may accumulate in the 
temic! soi], Account should be taken not only of the danger of acute or chronic poi- 
ts ani soning, but also of the possibility of non-specific action of the pesticides on 
0d foi} the organism. Investigations by Soviet scientists! (V.K. Navrotsky, S. V. 
hard! Anichkov and others) have shown that the prolonged action on the human 
of the organism of various chemical substances, even in insignificant quantities, 
othing may lead to a fall in the reactivity of the organism and to a rise in suscep- 
A geal tibility to other diseases. In such cases acute and chronic intoxication does 
agai’ not occur, but a general high level of morbidity is noted. The problem 
rtamc} of the carcinogenic effect of certain chemicals calls for special attention. 
f foo} There are indications to the effect that carbolineum and its preparations, 
peat employed in a number of countries, contain a carcinogenic impurity (benz- 
millit’ pyrene). There have been reports in the medical literature on the carci- 
ultur} nogenic properties of isopropylic ether of phenylcarbamic acid (IPA) and 
vers) isopropylic ether of 3-chloro-phenylcarbamic acid (ICPA), applied as herbi- 
seas cides in a number of countries. A note has been published in the United 
valued) States on the carcinogenic properties of certain organochloric insecticides. 


ublis|) h . ae : a 

ence, the ever-growing chemicalization of agriculture, promoting increases 
ultue} in farm produce and yielding enormous economic profits, leads at the same 
cout: 


™ | time to the penetration in the human environment of new factors, to which 
gricul the organism is unaccustomed and which are detrimental to the health of 
des, !! the population. The development of chemical means of protecting plants 
he against pests, diseases and weeds is a victory of man over nature, and the fact 
sts lll’ that there are two sides to this achievement—a beneficial side and a detrimen- 
or the tal side—is not to be wondered at: from the point of view of dialectics this is 


mq a perfectly natural phenomenon. Many scientific discoveries possess a benefi- 
veeds, 





Effect of Poisons’, in: Abstracts of the First All-Union Conference on the Hygiene and Toxicology of Pesticides, 
ne 1956 Kiev, State Medical Publishing House of the Ukrainian SSR, 1957; S. V. Anichkov, ‘Hygienic Significance of Low- 
intensity Irritants in the Environment in the Light of I. P. Pavlov’s Teaching’, Higiena i Sanitaria, 10, 1952. 


17,0 1. V. K, Navrotsky, ‘Changes in the Immunobiological Reactivity of the Organism as an Early Indicator of the 
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— 
cial and a detrimental side as far as the interests of humanity are concerned or what 


The far-reaching consequences of the action of radio-active radiation on th For inst 
human organism are common knowledge. This radiation not only injun! presents 
the health of persons directly subjected to its action, but disturbs the Senerativ,) on the € 
functions of the organism. Nevertheless, atomic energy is even now of grey product 
benefit to humanity. It gives us electric power, drives ships, cures certain) gata on 
diseases, and equips scientific research with new methods and approache } manufat 
The successes of physics and chemistry have led to an increase in the quantity perties 
of carcinogenic substances penetrating into man’s environment; yet, thee! the toxit 
successes have also put at man’s disposal a great deal of material wealth, } and for 
A long time before the great discoveries of modern science Friederich Engek| 4 comp 
wrote in his Dialectics of Nature:+ ‘Let us not, however, flatter ourselves! The tat 
overmuch on account of our human victories over nature. For each victor prepara 
it takes its revenge on us. Each of them, it is true, has in the first place th! of chro 
consequences on which we counted, but in the second and third places it has quantiti 
quite different, unforeseen effects which only too often cancel the first.’ A tically 1 
universal interconnexion of phenomena exists in nature, and F. Engels drew| jished, 
attention to the fact that scientific discoveries and inventions and the industri \ probler 
activities of humanity are followed not solely by the beneficial effects tha’ js not « 
were aimed at, but by ‘secondary’ and ‘tertiary’ consequences that are alway that an 
to be expected in such cases. Among the sequels of the industrial activity ol) only 1. 
man which are extremely injurious to the health of the population, we may with cl 
mention, for instance, the contamination of the atmosphere over cities with! with th 
the dust and gases of industrial enterprises, the contamination of naturd) stantial 


bodies of water with industrial waste products, etc. » and ov 
per cer 

Il | of the: 

) slight 1 


The problems of the ‘secondary’ and ‘tertiary’ consequences of the use of We als 
pesticides have in recent years been raised more and more frequently in variow) in the 
publications, and especially medical publications, throughout the i health 
If there is general agreement in the views and judgements expressed as to tht! tions : 
beneficial results of employing poisonous chemicals, there is no unanimity! intoxic 
in respect of the detrimental aspect. The problems of the prevention of the! but th 
injurious effects of pesticides on public health are being solved in differen!| reader 
ways in various countries. As will be shown in the following pages the results| on pul 
obtained are also diverse. We find a one-sided treatment of the questions invol-| Att 
ed even in some large-scale investigations devoted to the problem of th) rous d 
application of poisonous chemicals in its general aspect. The one-sidednes) intestir 
of the approach consists in elucidating, and not infrequently with considerabk| lation 
exaggeration, only the benefits derived from applying pesticides, and ignoring} the ex’ 





1. Friederich Engels, Dialectics of Nature, Russian translation, Leningrad, State Publishing House for Political Lit} 1. C. 
rature, 1959. 2. M. 
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erned| or what is worse, underestimating, the potential dangers to public health. 
On th For instance, C. D. Fischer* in his work on pesticides in the United States, 
injure! presents data on the scale of production and sale of pesticides in that country, 
erative) on the export of these chemicals to other countries, on the entomological and 
f great productive efficacy of the preparations. A table is given, presenting various 
certain) gata on 180 preparations. In this table we find information concerning the 
aches, } manufacturers of these chemicals, the methods of obtaining them, their pro- 
lantity | erties and application, and other data. The table contains a column giving 
, these! the toxicity of the preparations, but it is not filled in for some of the pesticides, 
wealth, and for others only the mean lethal dose (LD,,) is noted, which does not give 
Enges| 2 complete idea of the actual danger involved in the use of the preparation. 
selves} The table also fails to present data on the threshold and toxic doses of the 
fictory’ preparations and their cumulative effect, which determines the possibility 
ce th! of chronic poisoning. There are no data on the possible presence of residual 
it has. quantities of the chemicals in food products, although such data are systema- 
st.’ A’ tically published in the United States. Of course, papers may be and are pub- 
} drew! jished, devoted to only one aspect, the productive aspect, for instance, of the 
ustri problem. But this is permissible only when the other aspect of the problem 
$ that js not dealt with at all. However, the author makes an assertion to the effect 
ilways that an analysis of 20,000 accidents occurring during farm work showed that 
vity ol) only 1.7 per cent of the total number of accidents are the result of working 
¢ ma) with chemical products. In this form, the mention of accidents connected 
} with) with the use of poisonous chemicals sounds like a proof of the absence of sub- 
aturd) stantial danger. However, we do not know among what number of farm workers 
, and over what length of time these accidents occurred. The cited figure (1.7 
per cent) does not characterize either the quantitative or qualitative aspect 
| of the problem. The relative weight of work involving the use of pesticides is 
) slight in comparison with the bulk of farm work, computed in man-days. 
se of We also know that the danger of chemicals to public health does not lie only 
rio’ in the possibility of accidents (acute intoxications). The chief danger to the 
void. } health of the population lies in the prolonged chronic action of certain prepara- 
fo tht) tions inducing pathological states which are not ordinarily diagnosed as 
pe intoxication. C.D. Fischer’s study unquestionably contains valuable data, 
yf the | but the general exposition is one-sided, no attempt being made to draw the 
fereat| reader’s attention to the problem of the possible harmful effect of pesticides 
esuls| on public health. 
vol| At the same time the American investigator M. S. Biskind? presents nume- 
f tht! rous data on the rise in the incidence of diseases of the liver and gastro- 
dnes} intestinal tract, and of cardiovascular and nervous diseases among the popu- 
rable, lation of the United States and a number of other countries, as a result of 
wrig,| the extensive use of DDT and other organochloric compounds. He points out 











al Lite D. Fischer, op. cit. 


1.C. D. 
2, M. S. Biskind, ‘Public Health and the New Insecticides’, Amer. J. of Dig. Dis., 20, 11, 1953. 
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that as early as 1945 investigators established the fact that DDT accumulaty product 
in the fat of animals, is excreted in the milk and gets into the human Organisn dealing 
by way of certain food products, giving rise to various disorders. The auth This tal 
states that the mass disorders thus provoked were of a chronic nature and did) of the ' 
not, in the main, terminate lethally. He also states that as soon as it becam the use 
known that the rise in disease incidence was attributable to the effects of organ, tion of 
chloric compounds, a wide discussion arose, which was participated in ny compo’ 
only by specialists and scientists, but by other groups of the population x United 
well. The result of this discussion was most unexpected. The humane voicg Fischet 
of scientists defending the interests of public health were lost in the chon, of DD 
of voices of manufacturers interested in the sale of chemical products and i; 25,000 
profits, and of farm owners interested in higher yields and rewards. As wa| the 
pointed out by Biskind, a new principle of toxicology was set up, and app. world | 
rently firmly established in the literature, to the effect that however eth Prot 
a poison a substance may be for all species of animals, it is harmless unle It sh 
it immediately kills people. If, nevertheless, it does kill a man, it is because th * '° * 
victim was at fault: either he possessed abnormal sensitivity to the substan| °S#"“ 
(an indefensible error!), or he handled it wrongly. \ labora 

The duty of toxicology as the science of the toxic properties of chemici have 
substances is not only to determine the lethal doses of one substance or anothe, °84" 
but also to ascertain the possibilities of its chronic effect on the human org) "“°S 
nism over a prolonged period of intake in small quantities. If we take as x investi 
example a preparation which is widespread throughout the world, like DDI plant ' 
we find that it has only a slightly toxic effect on the organism in a single dos! * wel 
and that the probability of poisoning with a lethal outcome is actual), won 
insignificant. When taken into the organism in various ways, however, DD! during 
accumulates in the fatty tissues and is retained in them for a long time. Eva the Ps 
in slight quantities, DDT acts very slowly, but destructively, on the organism) condi 

















The increase in liver disease incidence observed in many countries is to: these 
certain extent due to the intensified use of DDT and other organochloric inse:| -- = 
ticides. And if the alarm was raised in the United States sooner than elsewher,) ° , " 
it is because the production of DDT was organized in that country earlit es : : 
than in others, and the harmful consequences of its widespread application . 

, : er : : } DDT 
appeared sooner. It is appropriate, in this connexion, to cite the data on DDI pl 
Yearly production of DDT in the United States (thousands of pounds) a 

that t 

Year Production Year Production the pi 

the he 

1945 33 243 1949 38 213 Saks 

1947 41 475 1950 62 836 : 

1948 18 3472 sound 

1. The sharp drop in 1948, as compared with 1947, must be attributed to press reports about the harmful effecsd} ———— 

DDT preparations. 1. K.G 
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aaa 
production in the United States published in a paper by Guderian and Plughant?+ 
dealing with the economics of plant protection measures in 25 countries. 
This table, with the appended remark, is a very eloquent witness to the results 
of the discussion held in the United States on the danger to public health of 


the use of DDT. The commercial interests prevailed. Nevertheless, the ques- 


tion of the undiscriminating application of DDT and other organochloric 
compounds involves the interests of public health protection not only in the 
United States but in other countries as well. According to the data of C. D. 
Fischer, United States manufacturers exported to other countries 24,000 tons 


} of DDT in 1954-55, while United States consumption of DDT amounted to 
| 25,000 to 27,000 tons. The paper of Guderian and Plughant, presents data 


on the exporting and importing of pesticides. At present all countries of the 
world use pesticides to a greater or lesser extent. The problem of public health 
protection has, consequently, long since acquired international importance. 

It should be emphasized that there is agreement in world medical literature 


as to the danger to the health of the population in the use of DDT and other 


organochloric compounds. Investigations conducted in the toxicological 
laboratory of the Kiev Institute of Labour Hygiene and Occupational Diseases 
have shown that DDT, chlorindane, hexachlorane, heptachlor and other 
organochloric preparations, even when taken into the organism in small quan- 
tities, accumulate in it and subsequently give rise to various diseases. The 
investigations of the Ukrainian Institute of Nutrition have shown that if a 
plant is treated with DDT during the period of fructification, the preparation 
is retained for a long time in the fruits. When milch cows are given repeated 
treatment to combat blood-sucking insects, DDT is eliminated in the milk 
during a period of over three months in quantities endangering the health of 
the people consuming this milk. DDT does not break down under natural 
conditions or as a result of cooking. On the basis of the results obtained in 
these investigations, the State Sanitary Inspection of the USSR has adopted 
an enactment prohibiting the treatment of plants with DDT during the period 


) Of fructification and providing for other restrictions. 


In 1950, investigators of the United States Food Industry Bureau stated 
that liver cell alterations observed and the considerable accumulation of 
DDT found in the organism and in the food ration indicate that the latent 
danger due to this product is being underestimated. In 1951 the public health 
service in the United States reported that DDT is a slow-acting poison, and 
that the accumulation of this pesticide in the tissues, especially in women, and 
the periodic inspiration or deglutition of DDT are definitely dangerous for 
the health. The destructive effect was noted chiefly in the liver, spleen, kidneys 
and spinal cord. In 1952 the Department of Agriculture of the United States 
sounded the alarm in connexion with mass diseases and deaths of cattle. 





1, K. Guderian, A. Plughant, Ther. Archiv., 2, 2, 1957. 
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These diseases and deaths were assumed to be due to organochloric insegi, 
cides. On a pasture in Indiana, treated with a mixture of chlorated hydrocg,? 
bons, including DDT, cattle took sick and died, while on a neighbouring pas. 
ture in the same state, which had not been treated with these pesticides, | 
such phenomenon was observed. The contamination of cattle fodder by Dpt 

is equivalent to the contamination of human food, since DDT is found jy 

milk, meat and fats obtained from animals that have consumed such fodder ) 
Fat was taken for investigation, by means of biopsy, from 113 persons living 
in various regions of the United States, and DDT was found in 111 case, 
Out of 32 investigated samples of mother’s milk, DDT was found in 30, Bis.) 
kind suggests that the great increase in virus disease incidence in the Unite 
States is not due to the action of viruses but to that of DDT. Referring ty 
infectious hepatitis, he points out that the cause of frequent diagnostic erro 

is the fact that DDT induces infiltration of mononuclear cells and na 
of the liver, similar to the manifestations observed in virus infections. 

Biskind cites evidence to show that when new pesticides are introduced! 
their harmful effects on public health are ignored. 

K. Guderian and A. Plughant, for example, referring to the fact that chemical 
means of plant protection have won a position which could hardly have bee 
foreseen and particularly lauding organic synthetic insecticides, go on to say) 
that the strong insecticidal action of such chemicals, their wide range of action 
in conjunction with their low toxicity (in general) for human beings and ani- 
mals and their relatively low manufacturing cost have created the pre-requisite 
for their universal application. This viewpoint displays the fallacies of a one 
sided approach to the problem. To begin with, the question of insecticide activity 
is incorrectly represented. It is true that appreciable results were obtained when| 
the chemicals were first used, but it is also true that the insects concerned} 
later became accustomed to DDT, hexachlorane and other compounds. Inj 
addition to the growing resistance of insects to various poisons, there is 
also the selective action of the pesticides for various insect species to be cons- 
dered. In nature one plant pest destroys others, and it frequently happens that 
by destroying certain insects, the insecticide used promotes the intense mul- 
tiplication of others. We know that DDT does not affect ticks, it does not! 
possess acaricidal properties, and in some countries where DDT has been 
used the number of ticks which are harmful to plants has increased. Other 
well-known facts have been pointed out, and they must not be ignored. ) 











categorical statement concerning the insecticidal activity of various pesticides, 
unqualified by the necessary reservations, can only do harm to the fight agains 
plant pests and diseases. Even less justified is the assertion that the chemicals 
employed are, in general, negligibly toxic for human beings. It is only fair to 
point out that in the USSR, the United States and a number of other countries |. 
preparations have been developed in recent years that really possess low} 
toxicity—as for instance, the DDT analogues pertane, metnoxychlor ané 
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others—but it is precisely the most widely used preparations that are extremely 
dangerous for public health. This has been shown above with respect to orga- 
nochloric compounds. Another wide-spread group of preparations is that of 
the organophosphoric insecticides. In reference to these, the term ‘low toxi- 
city’ is, to say the least, a delusion. It is known that such organophosphoric 
insecticides as parathion, systox and thimet, widely used in many countries, 
are more toxic than such a well-known poison as corrosive sublimate. Begin- 
ning with the year when organophosphoric insecticides were first employed 


| in farming, the world medical press has annually published reports of acute 


poisoning of people. 

Thus, in 1949 Grob?! and co-workers reported 40 cases of acute poisoning 
by parathion; in 1950 Abrams? and co-workers reported 196 cases, and 
Bidstrup * 118 cases of poisoning by organophosphoric insecticides; in 1951 
Desoille 4 reported 180 cases of parathion poisoning; in 1953 Teleky presented 
data on 424 cases of poisoning by organophosphoric insecticides; in 1954 
Okinaka published a summary of 1,777 cases of intoxication by these compounds 
of which 306 were lethal. The Japanese scientist Ueda, ® in an article dealing 
with parathion poisoning in Japan presents the following data on parathion 
poisoning: 








Year Cases Deaths Year Cases Deaths 
1953 1715 191 1955 1 406 510 
1954 2 194 307 1956 1 672 986 





And although several authors point out that some of the poisoning cases in 
the United States and Japan were the results of taking the poison with the 
purpose of suicide, this does not alter the facts. Thousands of cases of grave 
illness and hundreds of deaths is the price that humanity has paid for organo- 
phosphoric insecticides. 

The people of all countries should know of the potential danger to their 
health involved in the use of pesticides and should be informed of the precau- 
tions which should be taken. Exporters of poisonous chemicals are obliged 


__ to give information not only about the insecticidal properties of the compounds, 


but about their toxic properties as well, and about the safety measures that 
must be employed. 


Ii 


Biskind concludes his paper with the inference that the use of the new insec- 
ticides not only fails to bring benefits, but is even harmful. We do not share 





1. D. Grob, et al., Annals Int. Med., 1949, 35, 899; Bull. Johns Hopkins Hosp., 1950, 87, 2, 106-29. 
2. H. Abrams, J. Am. Med. Ass., 1950, 144, 107. 

3. P. Bidstrup, Brit. Med. J., 1950, 2, 548. 

4. Desoille, et al., Arch. Ind. Hyg. and Oc. Med., 1952, 4, 406. 

5. K. Ueda, Japan J. Public Health, 4, 7, 1957, p. 341. 
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this pessimistic outlook. The experience of extensive application of pesticids 
in the USSR shows that they can and should be used with great benefit fy.) 
agriculture and without injury to public health. In their investigation Guderig, 
and Plughant show that as early as 1954 the USSR occupied second play 
in the world, after the United States, in pesticide production. In the period thy 
has elapsed since 1954 pesticide production has more than doubled in the Ussp | 
and in 1958 was 10 times as high as in the pre-war year of 1940.1 In the Unite 
States $40 million worth of pesticides were sold in 1939, and $260 million 
worth in 1956, i.e. an increase of 6.5 times. In the United States the increay 
in the use of pesticides is attended by a rise in the number of poisoning cases | 
while in the USSR the number of poisoning cases during the period betwee 
1949 and 1959 decreased by 50 per cent as compared with the figures for th: 
pre-war decade of 1930 to 1940. While hundreds and even thousands of case 
of acute intoxication occur annually in other countries, even isolated case! 
are rare in the USSR. 

These achievements of the USSR in the prevention of pesticide poisoning” 
are the result of a precisely planned and organized system of preventive and 
current sanitary supervision of the use of poisonous chemicals. They are th 
result of the fact that solicitude for the welfare of Soviet people, for the pro- 
tection of public health, is in fact a most important obligation of the Communis| 
Party and the Soviet Government. When deciding the question of the fate of 
known preparations and the introduction of new ones in the USSR, priori 
is given to representatives of the science of hygiene. Their opinion about th 
preparation in question is the decisive one. As early as the thirties, the USSR 
Government adopted a decree establishing preventive sanitary supervision ove 
the introduction of new pesticides. The essence of preventive sanitary super 
vision consists in the fact that not a single preparation can be introduced into! 
agricultural practice without the sanction of the State Sanitary Inspection 0! 
the USSR. This sanction is granted only after a thorough investigation of th 
toxic properties of the new preparation at hygienic research institutions. To 
co-ordinate these investigations and the solution of the problems of the intro } 
duction of various pesticides into farming, a committee for the study an(| 
regulation of pesticides has been organized under the auspices of the Chie! 
Sanitary Inspection of the Ministry of Health of the USSR. The committe: ! 
is composed of specialists in the fields of labour hygiene and food hygient,| 
toxicologists, entomologists and other agricultural specialists, chemists and 
representatives of various bureaus. The methods of investigation for th 
hygienic and toxicological estimation of new pesticides have been standardized. 
The stages of the investigations of the problems which are to be elucidate!) 
have been established. | 





1. P. V. Sazonov, ‘State and Perspectives of Development of the Chemical Method of Plant Protection in the USSR’ 
in: L. I. Medved (ed.), Hygiene, Toxicology and Clinic of the New Pesticides, Moscow, Medical Publishing Hou. 
1959. 
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The first stage consists in studying the new preparation immediately after 
its synthesis in the laboratory and determining its insecticidal activity experi- 
mentally. At this stage the investigator determines the degree of toxicity of 
the new preparation, its capacity for cumulation in the organism and other 
criteria which define its potential danger to public health. After correlating 
the resulting data, the question of the possibility of introducing the preparation 
into agricultural practice is decided. If the decision is unfavourable, all further 
study of the preparation is discontinued. It should be noted that a great number 
of proposed organophosphoric and organochloric compounds, obtained by 
dienic synthesis, were rejected at this stage. The production and application 
of a number of compounds is forbidden in the USSR (thimet, isodrine, endrine 
and others), although they are used in other countries, and are causes of 
poisoning. If there are no essential objections to the introduction of the new 
substance, permission is given to conduct extensive field tests. The tests are 
participated in by labour hygienists, who study the sanitary conditions of 
work involving the use of the new compound, give a hygienic estimation of 
the ways and means of applying it, conduct tests of the air over the working 
area for content of poisonous chemicals, investigate the physiological 
reactions of the workers, and so forth. 

Food hygienists study the properties of food products obtained from plants 
treated with the new pesticides, determine the residual quantity of the com- 
pound in the food products and study the toxicity of products containing 
residual quantities of the chemicals in long-term experiments on animals. 
Only after the conclusion of this second stage is a final decision taken as to 
the introduction of the new preparation. If the decision is favourable, safety 
tules for those working with the pesticide are drawn up and included in the 
instructions for use. Hygienic recommendations are also worked out to ensure 
good quality food products and for quality inspection. The third stage of inves- 
tigations consists in a study of the mechanism of the action of the new pre- 
paration on the animal organism, followed by the development, on this basis, 
of specific remedies for the prevention and treatment of poisoning cases. 
The co-operation of hygienists, toxicologists, entomologists, chemists and 
other specialists in these investigations makes possible the development of 
preparations that are useful for agriculture and possess low toxicity for human 
beings. Definite successes have been achieved in this field. Our institute 
has carried out investigations of theoretical and practical importance on the 
dependence of the toxic properties of various preparations of the same group 
on the chemical structure of these preparations. 

Substances with high insecticidal activity have been found among the pre- 
parations with low toxicity. Thus, preparation K-20-35, synthesized at the 
Kiev Institute of Organic Chemistry of the Ukrainian SSR Academy of Sciences, 
proved practically non-toxic for human beings and, at the same time, an effec- 
tive means of attacking the sugar-beet weevil. The slightly toxic organophos- 
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phoric compound carbophos is extensively used in many countries as a very 
active insecticide. Among the preparations obtained by dienic synthesis js 
allodane, which has low toxicity and is, at the same time, effective in fighting 




































groups of poisonous chemicals, preparations may be found that are effective 


toxic or altogether harmless for human beings. A first essential in the search 
for new preparations is to abolish empiricism. The search for new preparations | 
should be based on the modern achievements in chemistry, physics, phyto. | 


on the knowledge of the distinctive features of the physiological and bioche. | 
mical processes that take place in the organism of insect pests, as compared 


animals. Only research which takes the various biochemical processes into | 


that are destructive to insect pests and only slightly toxic for man. The idea 
of selective toxicity should become the leading principle in the research work | 


preparation. If the use of DDT has not led to mass aliments in the USSR, | 
as has been the case in other countries, it is because the use of this pesticide 


prohibited for the treatment of hayfields and other plants used for cattle 
fodder, and for the treatment of grain, orchard and other crops after flores- 


in the USSR, its use is restricted to those cases when it cannot be replaced 
by other pesticides, and persons engaged in applying it are provided with indi- 
vidual means of protection. The principle in force in the USSR at present is 
to replace very toxic compounds by others of lower toxicity. Thus, for instance, 
the production of mercaptophos (systox) is to be discontinued in the near future, 
and the less toxic methylsystox will take its place. The production of DDT 
analogues is being increased in order to make further reductions in the use of 
DDT. We give preference not only to less toxic preparations as pesticides, 
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consideration can help us obtain preparations with selective action, it. y 


cence. Although the production of parathion (thiophos) was developed long ago 
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but also to safer methods of pesticide use. Thus, preference is given to aerial 
application, which is more efficient, requires smaller quantities of pesticide, 
considerably reduces the number of people in contact with the poisonous 
chemicals and, what is most important, makes for safer working conditions. 
Great attention is devoted in the USSR to the instruction of persons engaged 
in the application of pesticides, and information is always given them concerning 
the toxic properties of the various compounds and the necessary precautions 
to be observed. 

It should be kept in mind that no chemical means have as yet been developed 
that are effective against all species of pests and disease agents that attack 
plants, and that resistance to the preparations applied appears in some 
insect species. Hence, the search for new chemical means of protecting plants 


? against pests and diseases will continue to expand. This, and the fact that 


the problems which have already arisen have not yet been solved, confronts 
the science of hygiene in all countries with new responsibilities and problems. 
A hygienic basis must be provided for the development of safety measures so 
as to prevent the intake into the workers’ organism of even the slightest quan- 
tity of poisonous chemicals; not only must the prevention of acute and chronic 
intoxication be guaranteed, but the prevention of disturbance of the reactivity 
of the organism must also be ensured. Radical measures must be developed 
for the prevention of the contamination of vegetable and animal food products 
by pesticides, and measures must be worked out to prevent the contamination 
of the air, water and soil of populated areas by pesticides. 

On the basis of the achievements of hygiene and toxicology the following 
essential hygienic principles may be formulated for the guidance of chemists 
searching for new pesticides. 

1. Preference should be given to preparations possessing selective action on 
harmful insects and plant disease agents and only slight toxicity for man 
(e.g. carbophos, metnoxychlor, ether sulfonate, preparation K-20-35, etc.). 

2. Preparations should be introduced that possess low toxicity for human 
beings and a wide range of toxic action. Lethal doses should not be less than 
several hundreds of mg. per kg. of body weight of animals. 

3. New preparations should not possess cumulative properties, or if they do, 
to a slight degree only. 

4. In order to protect food products, soil and water against contamination by 
pesticides, preference should be given to preparations that decompose at a 
relatively rapid rate—within a period ranging from two weeks to one month— 
under natural conditions, and are transformed into non-toxic substances. It 
is assumed, of course, that toxicity is lost only after the insecticidal or other 
required effect has been produced. 

Highly toxic preparations with lethal doses expressed in units and tens of mg. 

per kg. of body weight of farm animals should not as a rule be introduced into 

farm practice. Preparations possessing high cumulative properties, such as 
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DDT, chlorindan and others, and highly toxic compounds, such as iota 
mercaptophos, organomercuric and similar substances, should be replace / 
by equally effective preparations that are less dangerous for public health, 
A number of international conferences of chemists, entomologists and other | 
specialists working on the synthesis of pesticides have been held in recent years, 
It is to be regretted that hygienists have not been invited to these conference; | 
We believe it would be expedient—especially now when the successes in th ) 
field of synthesis, production and application of pesticides are so great—o_ 
extend in every possible way the international co-operation of hygienists ani 
toxicologists in the matter of pesticides. Conferences and symposiums and? 
extensive sharing of information can do much to further the protection of | 


public health with regard to the use of pesticides. 
. 


as | 


1. Apart from the works referred to in the text the author also mentions: J. M. Barnes, Toxic Hazards of Certais 
Pesticides to Man, Geneva, WHO, 1953, 129 pp. (Monograph series, No. 16); B. Conley, Arch. Ind. Health, 1958, } 
18, 2, 126; Food Protection Committee, Safe Use of Pesticides in Food Production, 1956, 16 pp. (National Resear? 
Council Publication, No. 470); Wayland J. Hayes Jr., ‘Agricultural Chemicals and Public Health’, U.S. Dept. of 
Health, Education and Welfare Public Health Reports 68(10), pp. 893-8; E. Mastromatteo, Canad. Med. Asi. 
J. 76(4), 1957, pp. 310-15; L. I. Medved, Labour Hygiene during Application of Pesticides in Agriculture, Mow". 
Medical Publishing House, 1958; L. I. Medved (ed.), Hygiene Toxicology and Clinic of the New Pesticides, Mow, 
Medical Publishing House, 1959; Toxic Hazards of Pesticides to Man, Geneva, WHO, 1956, 51 pp. (7 
Report series, No. 114). 
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INTRODUCTION 


by F. Le LIONNAIS 


President of the Association des Ecrivains Scientifiques de France; 
Chief of Unesco’s Division of Teaching and Dissemination of Science 
from 1950 to 1956 


From Pithecanthropus—who appeared on earth half a million years ago and 
was already familiar with fire and the art of chipping stone tools—to the 
intrepid astronaut of tomorrow who will plant the banner of mankind on the 
face of the moon, the whole history of our civilizations has been essentially 
conditioned by two factors—scientific development and social progress. 
Though it has been operative at all times, never before has this dual influence 
weighed so heavily in the balance of man’s destiny. 

It is surely obvious that man, though the events in his history are often 
tragic and agonizing (even if it is to be hoped that the historian of the future 
will see them merely as so many crises overcome), is advancing towards greater 
freedom as regards both national independence and social organization. A 
certain kind of world unity has already been achieved, not, it is true, in economic 
and political organization or in men’s sympathies but at least in the fact that 
the entire planet can now become aware—thanks to aviation, press and radio— 
of what is going on in its remotest corners. 

The dramatic increase in our scientific knowledge since the beginning of 
the second world war is even more impressive and maybe more fraught with 
consequences than are the social developments of the same period. It is perhaps 
not generally known that there are in the world today some ten times more 
research workers than there have ever been in all the rest of human history put 
together: in other words, 90 per cent (in round figures) of all the scientists who 
have ever lived are still alive at this moment—a fact which can scarcely fail 
to revolutionize the fate of mankind. 

But this is not all. It is generally admitted—or at any rate, it is not disputed— 
that these two driving forces in human evolution are interactive. Sooner or 
later, the pace and the nature of scientific discovery, at any time, give rise, in 
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ensuing periods, to the adoption of new techniques; and eventually, by way | meee 
of innovations in agriculture and industry, transport and trade, medicine an } "8° s 
education, the whole of our everyday, individual, family, professional anj eam 
political life is transformed. Conversely, man’s conception of science and th | —_ 
power of science changes with the society in which he lives. The attitu@ § Bertra 


towards scientists, the material aid and financial backing given to them an fact tl 


the influence they are acknowledged to wield inevitably affect their creativity, p their 


There is thus a two-way flow between science and society. | of the 


This dialectical interchange between science and society does not, howeve | cher 
always proceed smoothly, for the two systems are profoundly different both Disco’ 
in nature and as regards their capacity for rapid change. Serious lagging behind, | 


in some cases, or dangerous rushing forward, in others, may throw the whole? Zo 
of the machine out of gear, giving rise to all kinds of misgivings, some of 
them perfectly justified, others naively exaggerated. There are plenty of seriou) Nat 
minded people who find it regrettable that the leaders of nations and societies $ intern 
cannot adapt their countries to the acceleration of scientific progress; whik | een ; 
others sometimes complain that science fails to take account of human nature, increa 
and is bearing our species to destruction. It must be evident to all that itisy — Bes 
vitally important to be able to bring science and society into harmony by| lays a 
acting on their structures and the course of their development. To find a means! and s 
of doing this is probably one of the major tasks of our time. ; 


It cannot be done without acquiring a better understanding of the forces at 
work and their points of impact. There have, it is true, already been a fairly | 
large number of books, articles and surveys drawing attention to these questions; 
but they have been in the nature of preliminary soundings, unco-ordinated, } 
and with no general plan behind them. What is wanted is a new discipline, a 
branch of scientific study, of course, but distinct both from the tradition] 4. 
sciences—mathematics, physics, chemistry, biology, psychology and social) jog, 
science—and from economic and political practice. A review such as Jmpact—| 155. 
which is celebrating its tenth anniversary with this number—gives us a first ¥ Asupy 
sketch of such a discipline, destined to play a vital role in the future, in which _nisn 
some outline of what it is likely to become can already be discerned. AUGE 

A glance at the index of articles published in the past 10 years shows that = 
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all the main problems which dominate our age and which will have to be solved By 
in the fairly near future have already been brought up on its pages. ee. 

Hunger in the world; disease; the replacement of physical labour by the us \ —. T 
of sources of natural energy, and of brain work by ‘thinking’ machines; the f acti 
new tasks which will sooner or later take the place of activities for which ther | —. T 


will be no need in future; and, finally, the general theme of the interaction of | ™d 
science and society and the need for bringing the two into harmony—this I 
analysis of the present gives us a wide prospect of the future. Here again, it is 
instructive to look at the complete collection of Impact. Cybernetics, automa 
tion, electronic computers and information-processing machines, machine } — 
translation, operational research, nuclear energy and radio-isotopes, solar on 
energy, new materials, astronautics, reclamation of arid lands, mechanisms of BERG! 
photosynthesis, cultivation of the alga Chlorella, soilless cultivation, antibio the 
tics, experimental embryology and genetics as a means of transforming the 

physical and mental capacities of the man of the future—none of these subjects 
could conceivably have figured in scientific books or periodicals a quarter of ean 
a century ago. And how can we doubt that the progress of science and the 
achievements of technology in the decade to come will be every whit asenthralk } 
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; ing? Scientists and thinkers of world renown, such as Sir Eric Ashby, Louis 
Ine and # Armand, Pierre Auger, Niels Bohr, Lord Boyd-Orr, Louis de Broglie, Albert — 
al ang i Einstein, Lord Halsbury, A. I. Oparin, R. Oppenheimer, Jean Rostand, 
ind the | Bertrand Russell, and others, have contributed to this great undertaking. The 
etitude fact that their names appear in the table of contents of Impact is proof of 
- and their interest in our review, and of the importance they attach to the problem 
ativaty, § of the interaction of science and society. This interest is further emphasized 
by the quotations from Impact and the very favourable comments on it con- 
| tained in the world press, including E] Comercio (Lima), Commerce (Bombay), 
at both Discovery (London), Information (Paris), Humanité (Paris), Le Monde (Paris), 
rehind, } Nature (London), New York Times (United States of America), and Politiken 
Whole | (Copenhagen), not to mention various specialized journals which have reprinted 
me of| several articles. 
eTl0u-| National Commissions for Unesco, as well as other organizations—national, 
rcieties ¥ international, governmental and non-governmental—have likewise shown a 
, While keen interest in Jmpact, and have urged that every possible effort be made to 
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lature, 


increase its circulation. 


at itis§ Besides being cause for pride, this evidence of the trust placed in Impact 
my by | lays on us an obligation to do ever better. We fully appreciate this obligation, 
means! and shall strive to show ourselves worthy of that trust. 
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